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The two best known types of white spotting in mice are “black-eyed 
white” and “‘piebald”’. The former, Ww, is dominant (lethal in a homozy- 
gous condition) while the latter, ss, is recessive to self. A possible third 
distinct form, ‘“‘all white” (whwh) has been mentioned by KEELER (1931). 
In addition, a number of other types, at least some of which are the result 
‘of modifying genes on basic piebald, have been noted in the literature. 

Dunn (1920, 1925) described two modifications of the piebald pattern. 
In one, which he designated as ‘‘ white face spotting”, the white areas were 
restricted to the face; and in the other, “belt’’, to a band around the body. 
By inbreeding, he succeeded in fixing the white face pattern but was less 
successful with belt. 

LITTLE (1917, 1926) reported a form of spotting, “‘blaze’’, in which the 
animals showed a small, white forehead spot. Besides the main gene re- 
sponsible for this condition, he concluded that there were several modify- 
ing genes influencing the amount of white. 

The same author (1924) observed two localized forms of spotting, ‘‘ white 
tail tip’ and an unpigmented band around the tail, ‘‘ white on tail’’. In the 
race in which these types were observed, he reported that occasionally the 
tail spotting was transferred to the belly, such animals behaving in in- 
heritance like phenotypically tail-spotted mice. 

Ventral spotting appears to be of rather frequent occurrence in mice. 
Dunn (1920) found its appearance dependent on a modifying gene in con- 
junction with piebald in the heterozygous condition (Ss). ALLEN (1914) 
considered a mid-ventral patch generally to be the first unpigmented area 
developing in mammals. 

In one inbred strain in our laboratory more than 50 percent of all indi- 
viduals show a white ventral patch. The mice of this strain (C-57 Brown) 
are intense brown non-agouti (DDbbaa) in color and directly descended, 
by brother-to-sister matings with some backcrosses, from two control 
animals of one of Dr. C. C. LirrLe’s previous experiments. The mice re- 
ported on in this paper comprise undepleted litters of the thirteenth to the 
twenty-eighth filial generations, inclusive. 

The patches vary in size from 0 to approximately 10 percent of the 
ventral surface. In the few mice of the highest grades the unpigmented 
area sometimes extends up onto the side of the animal. All determinations 
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of grade were made by the senior author, thus reducing the personal error 
incident to more than one observer, while the junior author is responsible 
for the computations and analysis. Some animals exhibited “ white on tail’’ 
or “white tail tip” with or without ventral spotting. It seems probable, 
however, that in the strain of browns the tail markings and ventral spot- 
ting are not conditioned by the same factors. The C-57 Blacks in which 
LitTLeE described tail spotting still produce a majority with such markings 
while belly spotting is now almost non-existent. The C-57 Browns, with 
a common origin, show both tail and ventral spotting. Moreover, satis- 
factory records as to the degree of tail spotting manifested by individual 
mice were not available so it was deemed advisable to consider only ven- 
tral white. 

The distribution of the 2166 mice of undepleted litters by grade of ven- 
tral spotting is shown in table 1. 


TABLE 1 


Distribution of offspring in brown stock grade of ventral spotting. 





0 1 2 3 4 5 6 7 8 9 10 TOTAL 





Sexescombined 984 658 260 92 80 46 13 9 15 4 5 2166 


Percent 45.4 30.4 12.0 4.2 3.7 2.1 06 0.4 0.7 0.2 0.2 
Males 420 340 154 60 55 25 8 3 10 3 3 1081 
Percent 3G. 31.5 4.2 SG S.1 2.3 D7 O83 CF BS. 0:3 
Females 563 319 106 32 25 21 5 6 5 1 2 1085 
Percent a.9 24 9.8 2.9 2.3 139 65 @€66 @.5 6.2 0.2 





From this table it is evident that not only are more males than females 
spotted but also that the grade of the former tends to be higher. 

Table 2 gives distributions and mean grades of offspring from matings 
differing in degree of ventral spotting. 


TABLE 2 


Distribution of offspring in different types of matings. 





GRADE OF VENTRAL SPOTTING 
MATING 





0 1 2 3 4 § 6 7 8 9 10 MEAN 

9 SelfX self @ 130 82 36 7 5 . bk 2 4 85 
9 173 82 17 5 4 4 : 5 63 

‘9 Grade 1X oe & 37 15 11 10 5 2 1 1 1.63 
oGradel 9? 65 30 14 2 2 4 1 3 1 1.06 

9 Grade2-7K o@ 22 23 9 7 6 6 2 $ 1 2.22 


o& Grade2-10 9 27 26 6 6 5 eS % 1 1.56 
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It seems clear that a distinct correlation is present between grades of 
spotting in parents and offspring. This correlation, however, is imperfect 
since self parents produce offspring with a high grade of ventral spotting 
while spotted parents give birth to self animals. 

The great majority of mice in the strain of browns are of three lines, A, 
C and CD. If the degree of ventral spotting is influenced by genetic factors, 
it might be expected that the lines would exhibit differences in the presence 
and extent of unpigmented areas. The distribution of ventral spotting in 
the three lines is listed in table 3. 


TABLE 3 
Distribution of ventral spotting in the three chief lines. 





GRADE OF VENTRAL SPOTTING 





0 1 2 3 a 5 6 7 8 9 10 MEAN 

LineA o&@ 32 22 = 15 2 6 2 1 1.25 
¢ #& 2 wp 7 2 2 1 1.04 

LineC oo 122 102 37 8 9 6 3 1 1.01 
9 18 % 2% 2 9 5 3 2 .79 


co 


LineCD @ 251 181 92 47 30 15 + 2 3 3 1.35 
9 318 181 65 26 13 13 5 2 2 : 2 -95 





The anticipated differentiation in the lines has apparently taken place 
since the mean grade is significantly lower, at Jeast for the males, in Line 
C than in Line CD. Line A appears to be similar to CD although the num- 
bers are few. 

Since tables 2 and 3 make it seem probable that the presence and degree 
of ventral spotting are in part at least determined by genetic factors, 
parent-ofispring correlation tables were constructed in order to show more 
exactly the extent to which variation in parental grade influenced varia- 
tion in the grade of the offspring. The correlation between mid-parental 
grade and grade of offspring was +0.258+.014. The square of this figure 
would indicate that slightly over six percent of the variation among the 
offspring was determined by variation among the parents. 

The question which next suggests itself is the relative degree to which 
sire and dam influence spotting in the offspring. These correlations are 
given below: 


Grade of spotting of sire—Grade of offspring r= +0.269+ .013 
Grade of spotting of dam—Grade of offspring r= +0.145 + .014 


These figures show that the correlation is positive and significant in both 
cases, but markedly higher with the sire than with the dam. A truer picture 
of the relative effects of the two parents may be given by the use of partial 
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correlations. This discloses that the correlation between sire and offspring 
with dam held constant is +0.243; that between dam and offspring with 
sire held constant is +0.086. The difference in the apparent influence of 
the two parents is thus further augmented. 

The coefficients of correlation above have not taken into consideration 
the sex of the offspring. This factor is dealt with in the figures following: 


r r (partial correlation) 

Grade of spotting of sire 

—Grade of male offspring +0.300+.019 +0.268 (Dam held constant) 
Grade of spotting of dam 

—Grade of male offspring +0.168+.020 +0.093 (Sire held constant) 
Grade of spotting of sire 

—Grade of female offspring +0.226+.019 +0.208 (Dam held constant) 
Grade of spotting of dam 

—Grade of female offspring +0.118+.020 +0.077 (Sire held constant) 


Both sire and dam show slightly higher correlations with male than with 
female offspring although the differences probably lack significance. 

It appears from the available evidence that heredity accounts for only a 
small portion of the variation in degree of ventral spotting in our strain of 
mice. The possibility that ventral spotting is due to either a single domi- 
nant or recessive gene is at once precluded. If dominant, self animals could 
not throw spotted offspring while if it were recessive, self young could not 
be produced by spotted parents. Of course if normal overlaps were postu- 
lated, these objections might be vitiated. That our ventrally spotted mice, 
like Dunn’s, are heterozygous piebalds is likewise precluded, since matings 
involving such parents do not produce the requisite piebald young. A 
number of genes may be involved although it might be expected that prac- 
tical homozygosity would have been attained after 13 generations of in- 
breeding. The reason for the greater influence of the male in determining 
the grade of spotting of the offspring is not at all clear. 

Since heredity—as measured by the square of the parent-offspring coef- 
ficient of correlation—accounts for but little more than six percent of the 
variance, non-genetic factors must play the major part in determining the 
degree of ventral spotting. The data permit an analysis of several such 
possibilities. 

Wricut (1926) found that the age of the dam was of more importance 
than heredity in determining the grade of spotting in an inbred race of 
guinea pigs. In our material, there was present a correlation of +0.105+.014 
between age of dam (in almost all cases the sire was of the same age) and 
grade of ventral spotting. Although significant, this is very low and would 
indicate that age accounts for about one percent of the variation in amount 
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of white in the offspring. Birth rank (position of litter in the series) like- 
wise proves of slight importance as a factor with r equalling +0.068. In 
this case only males, both parents of which were self, were included. Since 
birth rank is largely a function of age it was to be expected that similar re- 
sults would be encountered. 

Still another possibility is that season of the year is a factor in influenc- 
ing ventral spotting. Table 4, comprising offspring of self Xself matings, 
affords scant evidence of this. 


TABLE 4 
Time of year and ventral spotting. 





GRADE OF VENTRAL SPOTTING 





SEASON OF BIRTH 0 1 2 3 4 5 6 7 8 TOTAL MEAN 
Dec. Jan.Feb. @ 47 19 6 1 1 2 76 = .63 
Q 45 20 5 1 2 oe we 
Mar.Apr.May o& 29 27 8 2 1 1 68 .90 
g 40 27 3 2 1 1 = oe 
June July Aug. o& 17 8 + 2 x: ee | 
9 24 15 3 1 1 1 45 oe 
Sept.Oct.Nov. @ 37 28 18 2 3 1 1 90 1.06 
go 6&4 20 6 3 1 1 SS 





Although marked fluctuations occur, they are inconsistent and the dif- 
ferences are not certainly significant. Males born in the three autumn 
months, for example, show the highest average grade, while females born 
during the same three months display the lowest. Hence, it is probable that 
season of birth has little if any effect on grades of spotting. 


SUMMARY 


In an inbred strain of mice a white ventral patch ranging in size up to 10 
percent of the ventral surface is present in a majority of the animals. These 
patches are not only more frequent in males than in females but average 
larger as well. 

The presence of white ventral spotting seems to be due neither to a 
single dominant nor recessive gene. The occurrence and extent of these 
markings, however, do appear to have an hereditary basis. In this strain 
of mice, the three chief lines show a tendency towards differentiation in 
the amount of spotting present. The coefficient of correlation between mid- 
parental grade and grade of offspring is +0.258. When the method of par- 
tial correlation is employed, the value of r for grade of sire and grade of off- 
spring (with dam held constant) is +0.243; that for grade of dam and grade 
of offspring (with sire held constant), +0.086. From these figures, it ap- 
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pears that the sire has more influence on the grade of offspring than does 
the dam. The total effect of heredity is relatively slight, most of the varia- 
tion being non-genetic in origin. 

The age of dam or sire apparently has a very slight influence in deter- 
mining spotting since the coefficient of correlation is but +0.105. Birth 
rank and season of year likewise have little influence; so most of the non- 
genetic variation, whether it be due to accidents of development or to 
other causes, is still unaccounted for. 
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At the present time attention is being directed to the genetics and cy- 
tology of conditions arising from spontaneously occurring and induced 
mosaicism. Where the situation is relatively simple, correspondence of 
cytological and genetic evidence is obtainable (Mour 1932). In other cases 
greater or lesser complexity is involved and the correspondence may not be 
clearly shown (STEIN 1930, 1932). The complexity in the case under dis- 
cussion here arises primarily from the fact that we are dealing with an 
X-ray induced physical attachment of chromosomes. This results in so- 
matic elimination of the products of attachment and also in a series of 
breakages of the physical union which are reflected in the production of 
numerous by-products. A consistent cytogenetic interpretation of the 
situation involved is possible primarily because the “‘fluted”’ chromosome, 
which has already been studied genetically, is involved. 

An earlier paper in this series (GoopsPEED 1930) dealt with some prod- 
ucts of X-ray and radium treatment of sex cells of Nicotiana tabacum var. 
purpurea, which behaved genetically like transgenations. In recent re- 
ports (GoopsPEED 1931), the occurrence of at least one of these induced 
character changes is reinterpreted in the light of additional cytological 
evidence, as the result of quantitative rather than qualitative alteration. 
A résumé has recently been given (GooDSPEED 1932) of the results of the 
various types of cytogenetic investigations under way in the UNIVERSITY 
OF CALIFORNIA BOTANICAL GARDEN on the categories of alteration in the 
germ-plasm of N. tabacum induced by high frequency radiation. Reference 
is there made to a morphological type called ‘“‘deformed,” which appeared 
in X, and has been the subject of extended genetic and cytological studies, 
the results of which are herein reported. The designations X, Xe, Xs, etc., 
and R, (STEIN 1932), Re, Rs; et cetera, have been used throughout these 
investigations to signify the successive generations derived from X-ray 
or radium treatment of reproductive or meristematic tissues. Thus, for 
example, an X; plant is one produced from an X-rayed seed, or from an 
X-rayed growing point of a seedling, or from a zygote produced by the 

1 The investigations reported on here have been aided by grants from the Board of Research 


of the UNIVERSITY OF CALIFORNIA, and from the Committee on the Effects of Radiation of the 
NATIONAL RESEARCH COUNCIL. 
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union of sex cells one or both of which have been subjected to X-radiation. 

Appropriate X-ray treatment of EMC and PMC (PMC =pollen mother 
cells; EMC =embryo-sac mother cells) of tabacum in active meiotic stages 
is always productive of a high degree of variation in expression of all vege- 
tative and floral characters in X, (GoopsPEED 1929). This extended range 
of alteration in expression is to be seen not only in the immediate progenies 
but also in subsequent generations following treatment. Variation in form, 
size, and color of flowers and leaves occurs along with variation in height, 
habit, and time of flowering, et cetera, but only rarely are deformities due 





Ficure 1.—Young deformed plant, X, (31.212P55), showing abnormalities in tissue develop- 
ment, similar to those seen in the original deformed (28.303P51). 


to tissue degeneration to be observed. In the case under discussion such a 
condition is involved. The original X, plant (28.303P51) was the result of 
using normal pollen on a flower which had been subjected to X-radiation 
(GoopsPEED 1929, for treatment) when it was almost at anthesis. At 
this stage the EMC are in the meiotic condition. None of the other 
plants resulting from this cross were as abnormal in appearance as was 
28.303P51. From the seedling stage (figures 1 and 6) it was peculiar struc- 
turally, with imperfect, asymmetric venation, which made the leaves curl 
or sometimes allowed them to develop on one side only of the midrib (figure 
2). The flowers were flecked with white and much dissected, making the 
limb very irregular in size and shape (figures 3 and 7, e, f). The anthers 
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a b 
FIGURE 2—a, Leaf from control, N. tabacum var. purpurea; b, Five 
leaf types from an X2 deformed (29.137P51). 








a b c 
FiGuRE 3—a, Flower from control, N. tabacum var. purpurea; b and c, Flowers from X; 
deformed, showing the white-flecked and dissected limb characteristic of this type. 
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were of very different types and sizes but contained some viable pollen 
and dehisced normally. Some seed was set but often buds were abscissed at 
a very young stage of development. The flower was approximately equal 
to control in length (55 mm) when best developed but was only about 25 
mm in width of limb. The following terminology is here employed in re- 
ferring to major distinctions in phenotypic expression: 


control (cn) refers to Nicotiana tabacum var. purpurea, grown in the pure 
line (figures 2, a and 7, a); 

normal (n) refers to plants in lines derived from deformed phenotypically 
equal to control; 

deformed (d), a type characterized by abnormalities(X-ray induced) in 
tissue production and alignment, the cytogenetics of which is here de- 
scribed (figures 1; 2, b; 3; 5; 6; 7, e, f); 

fluted (f), a distinct character complex elsewhere described (CLAUSEN 
and GoopsPEED 1926) and involving reduction in flower size, fluting of 
corolla limb, and other morphological distinctions from control (figure 7, b); 

mammoth (m), a type characterized by increase in height accompanied 
by shortening of internodes and delayed time of blooming (figure 5); 

long-flowers (1) refers to a series of types possessing distinctly increased 
length of flower. This designation is used to distinguish these derivatives 
from types already described (CLAUSEN 1931, GoopsPEED 1932) which 
possess increased flower-size (figure 7, c, d). 

The character of the tissue abnormalities peculiar to deformed suggests, 
at first glance, the effects of some such disease as ‘‘mosaic” (figures 1 and 
2, b). On the other hand, the cytogenetic evidence shows that a diseased 
condition is not involved and that deformed is transmitted through a 
chromosomal mechanism in which elimination, in mitosis, of chromosomes 
or parts of chromosomes is concerned. In addition, inoculation tests using 
unfiltered crude extract from deformed plants as the inoculum and vigor- 


TABLE 1 
Derivation of progenies from deformed. 
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ously growing young plants of NV. tabacum (Commercial Havana No. 38) 
as test plants gave negative results after holding for 30 days. We are in- 
debted to Dr. W. TaKkanasui of the Division of Plant Pathology, Unt- 
VERSITY OF CALIFORNIA, for carrying out these tests. In view of the nega- 
tive evidence which they gave and the character of the genetic evidence, 
it did not appear necessary to test the possibility of transmission following 
grafting. Apparently deformed is a condition comparable in its expres- 
sion to STEIN’s “farb- und formdefekt” types (STEIN 1926) and her “‘ Phy- 
tocarcinome”’ (STEIN 1932) for it involves a mosaicism of light and dark 
areas in the leaves as well as other evidence of irregular tissue develop- 
ment (figure 1). 


MATERIALS AND METHODS 


The preceding chart (table 1) traces the ancestry of our present dec- 
formed plants to the original X, plant (28.303P51) already described. Ap- 
proximately 2000 plants (table 2) have been grown under the designations 
given in this chart, and more than 100 have been studied cytologicaily. 

In addition to 28.303P51, a number of other plants exhibiting deformities 
of various types have appeared in X, or in later generations. While we do 
not feel justified in considering each of these reappearances as equivalent 
to the original deformed, nevertheless all our types are undoubtedly reflec- 
tions of somatic chromosome elimination. 

Most of the cytological study of plants in the deformed group was made 
on meiotic divisions in PMC. EMC were also used, and root tips were ex- 
amined to obtain evidence as to the chromosome behavior in somatic mi- 
toses. For PMC, iron-aceto-carmine smears were found most satisfactory. 
Permanent brazilin and aceto-carmine slides were made, following 
WEBBER’s (1929) method, and STEERE’s (1931) modification of McC.rn- 
TOCK’s method. Anthers and ovaries showing meiotic stages were also 
fixed in Navashin’s fluid, the anthers being first dipped in Carnoy’s solu- 
tion. Root tips were fixed in Navashin. Paraffin sections were stained with 
iron-alum haematoxylin or crystal violet. The drawings (figures 10-23) 
were, as indicated in the legends, made from slides prepared according to 
the various techniques just mentioned. The differences in magnification 
noted are referable to the effects of the various techniques on chromosome 
size. 


GENETICS OF DEFORMED 


A striking genetic characteristic of all deformed plants so far tested has 
been their consistent production of progenies containing plants belonging 
to five or more distinct morphological types (table 3 and figure 4). Plants 
of each of these types derived from deformed have become the sources of 
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races which differ significantly in their genetic behavior. All of these races 
have been characterized by continued segregation of types referable to 
quantitative variation in the fluted, or F chromosome. The X; progeny 
from deformed shown in figure 5 contains such a series of types. 

Deformed plants transmit the deformed condition to approximately half 
their progeny upon selfing, as shown in table 3. 


d 





ned | Z sl m dF di dm tn lm dim dim w 


FicurE 4.—Transmission of types derived from deformed. (* Segregation of types in 
progenies of mammoth has not been studied. ** Deformed segregates as before.) 
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d f l m 
29.137 6 30 5 7 2 50 aw Ss £ 2 
30.113 6 16 4d 2 ss 1 we te 6a a 31 — 2 £2... 
30.115 d 17 15 9 ae ¢ 4 en? 1 51 22 15 14 2 
31.205 5 13 9 3 1 me + 2 1 1 35 i) me & 3 
31.212 6 25 14 11 4 a : ae x & 69 28 16 18 10 
32.207 1 14 3 5 10 S 36° Ge ee 39 a is ii 





Total 28 = 115 


wn 
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37 , #. BB .3 8.6 275 +144 64 58 19 





Thus in the X, progeny of 50 plants grown from the original deformed 
plant there were 30 more or less deformed plants. A deformed plant of this 
X, population gave 31 plants in X3, 19 of which were deformed. One of these 
X;3 deformed plants gave an X, of 35 plants, 15 of which were deformed, and 
one of these in turn gave an X; of 39 plants, 30 of which showed deformity. 
When we combine with these four populations the two others from de- 
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formed plants, the total number of deformed is approximately one-half of 
all the plants grown (144 in 275). 

This transmission of deformed suggests that of a quantitative chromosome 
variation in that no pure-breeding deformed occur; and since deformed does 
not segregate in Mendelian ratios in F; of deformed X control, it is clear that 





Ficure 5.—Progeny of a deformed (30.115), showing two deformed (‘‘x’’) in the foreground, 
and a long-flowers-mammoth (‘“‘y’’) in the background. 


a monogenic mutation is not involved. Further, reference to tables 3 and 5 
shows that deformed is not transmitted as a simple monosomic or trisomic 
condition, since deformed X control gives no deformed. It is to be noted, how- 
ever, that like these unbalanced types, deformed is transmitted to approx- 
imately 50 percent of its progeny. As will be shown in the discussion of the 
cytological evidence, this situation is produced by the operation of a mech- 
anism involving chromosome attachment. 
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It is to be noted that the expression of the deformed condition does not 
become less pronounced in succeeding generations. It varies greatly in its 
expression in different individuals in the same population and in dif- 
ferent parts of the same individual, but some of the plants in X, were 
even more deformed than the original X, plant (figure 6). 

Deformed plants give long-flowers, fluted ,and mammoth in their progenies 
and these may appear in combination with the deformed condition or with 
each other, to give the classes deformed-fluted, deformed-long-flowers, de- 





FiGuRE 6.—Young seedlings in lines derived from deformed: 32.200, a population showing no 
deformed, and 32.207, a population in which a large number of the seedlings are deformed. 


formed-mammoth, fluted-mammoth, long-flowers-mammoth, deformed-fluted- 
mammoth, and deformed-long-flowers-mammoth (figures 4 and 7). The clas- 
sification of the progenies (table 3) of these deformed plants shows, in the 
first place, the great variety of forms obtained and, in the second place, 
the comparative similarity in the ratios of the types to one another in each 
population. In these populations thenumber of long-flowers is approximately 
equal to the number of fluted, and taking all the populations together, 
there are 58 long-flowers to 64 fluted. Of the total 275 plants, 144 or 52 per- 
cent are deformed; 58 or 21 percent are Jong-flowers; 64 or 23 percent are 
fluted; 19 or 7 percent are mammoth; and 28 or 10 percent are normal. 
The classes of plants obtained in these progenies show cleariy that the 
fluted (F) chromosome is present in different doses, for most of these types 
have been obtained under natural conditions when the F chromosome was 
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present in abnormal number or constitution (CLAUSEN 1931). However, 
the ratios (table 3) in which these types occur here cannot be explained 
according to the genetic interpretations previously postulated in the case 
of un-X-rayed plants of the ‘‘ fluted assemblage” (see CLAUSEN, I. c.). The 
unusual ratios obtained here point to the operation of a mechanism not 
previously encountered. Thus, the occurrence of both fluted and long- 
flowers plants in the progeny of deformed, a member of the fluted assem- 
blage, is unexpected. Fluted and long-flowers appear in approximately equal 
numbers in such progenies, whereas, in un-X-rayed lines, fluted (mono- 
somic F) gives fluted and normal (see CLAUSEN, |.c.) and large-lax (trisomic F) 
gives large flowered plants and normal in selfed progenies. Flower lengths 
in populations from deformed are given in table 4. The situation detailed 
there illustrates the F chromosome classes which occur. 

Evidence that deformed produces gametes which vary quantitatively as 
regards the F chromosome from the nullo- to the triplo-F condition is 
furnished by the crosses of deformed X control. It is significant that in these 
crosses no deformed have occurred. In comparison to the progenies ob- 
tained by selfing the same deformed plants, these populations show only 
a few classes of individuals: chiefly normal, long-flowers, and fluted (table 
5). Two populations from deformed 9 Xcontrol # (31.206 and 32.205) 
and two populations of the reciprocal cross, but involving other deformed 
plants (31.213 and 31.215) have been grown. In each case more fluted 
were obtained when deformed was used as the female parent and more 
long-flowers when used as the male parent. This indicates that nullo-F 
female gametes are not as effectively eliminated by competition as are 
nullo-F male gametes. It is to be noted that where deformed was pollen 
parent, the progeny contained fluted and a large number of Jong-flowers, 
whereas these monosomic and trisomic conditions in un-X-rayed lines are 
transmitted only to a very small percentage through pollen (see CLAUSEN, 
1. c.). The population 31.213 is especially significant in this connection in 
that 21 of the total 25 plants were long-flowers. Here, long-flowers must be 


the result of transmission of excess chromosome material by the pollen of 
deformed. 


TABLE 5 
Progenies of deformed crossed with control. 








POPULATION CROSS n d f ! vts TOTAL 
31.206 ad Xcnv 11 ze 8 3 2 24 
31.213 cn? Xdv 2 is 1 21 1 25 
31.215 cn? Xda 12 ar 3 8 3 26 
32.205 d? Xend 13 re 13 2 6 34 





Total 38 0 25 34 12 109 
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Ficure 7.—Flowers of control and of lines derived from deformed: a, control; b, fluted; c, long- 
flowers; d, super-long-flowers ; e, deformed ; £, deformed-long-flowers ; g, carmine-coral variegation; h, 
coral-fluted. 
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TABLE 6 
Progenies of deformed and carmine-coral crossed with coral. 











ceo 
POPULATION CROSS n d I orf n I vts TOTAL 
32.204 d2 Xera 30 1 3 14 1 49 
32.208 d2Xera 2 2 25* 9 5 43 
32.219 d? Xera 6 1 3 2 1 1 16 
32.223 cov? Xero 3 7 34 2 3 49 
32.224 cou? Xora" 10 6 23 1 2 1 43 
Total 51 0 17 90 28 12 2 200 





* One plant with coral flowers was not fluted. 


The fact that coral (CLAUSEN, |. c.) behaves genetically as a Mendelian 
recessive borne by the F chromosome has made it possible to analyse 
further the constitution of the functional gametes of deformed by means 
of crosses with homozygous coral plants. The results of three such crosses 
are shown in table 6. Where the F chromosomes of deformed have been 
eliminated from the gametes or zygotes, F; is coral-fluted, that is, it ex- 
hibits the morphological characters of fluted together with coral flower 
color. The number of coral-fluted plants thus becomes an index to the 
amount of F chromosome elimination. In the plants which are not coral- 
fluted, the occurrence of carmine-coral variegation indicates that somatic 
elimination of the F chromosome derived from the deformed parent is 
going on (figure 7, g). The type of variegation here is similar to that re- 
ported by CLAUSEN (1930) as due to elimination in mitosis of a fragment 
of the F chromosome. The degree of expression of carmine-coral variega- 
tion in different plants is highly variable, some showing only small coral 
flecks while others have whole branches bearing only coral flowers. As to 
flower size, the plants which show this variegation may be either normal 
or long-flowers. 

The coral originally used in these crosses was not a deformed derivative, 
but more recently a coral race has been established in the deformed lineage. 
As shown in tables 1 and 2, 31.207 is a fluted line derived from an X_ 
plant, and P36 of this culture was a small, fluted plant which bore only 
coral flowers (figure 7, h). From it a culture (32.210) has been obtained con- 
sisting of normal-coral and coral-fluted plants. In many other instances it 
has been clear that the alteration of the F chromosome productive of 
coral flower color has occurred, for plants in populations derived from de- 
formed and into whose ancestry no coral has been introduced, have shown 
carmine-coral variegation. Thus 31.212P62 was a non-deformed plant of 
normal flower length (listed as normal in table 2), whose flowers showed 
considerable carmine-coral variegation (figure 7, g). It was selfed and crossed 
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twice with coral, different branches being used in each case. As is evident 
from table 6, the progenies resulting from these crosses with coral (32.223 
and 32.224) resemble closely those resulting from crosses of deformed with 
coral. The selfed progeny also suggests that of deformed, for two typical 
deformed plants appeared in the progeny of this non-deformed. There were 
also several plants in this population which again showed carmine-coral 
variegation but no deformity, so that a somatic loss leading to a condition 
other than that responsible for deformed must have occurred. 

From these observations concerning the genetic behavior of deformed 
when selfed and crossed with control and with coral, it is evident that: 


(1) The deformed condition is transmitted from one generation to the 
next through selfing but not through crosses with the control. 

(2) The mosaic and variable expression of tissue abnormality character- 
istic of deformed resembles. the color variegation produced on crossing 
deformed with coral and indicates that diversity in the chromosome con- 
stitution of somatic cell lines is responsible for both of these expressions. 

(3) Progenies of deformed selfed and crossed with coral consist of many 
distinct types, while in progenies from crosses with control there are rela- 
tively few distinct types. 

There are apparently some significant differences in the genetic behavior 
of fluted and long-flowers derived from deformed. Thus fluted selfed gives 
the two classes expected, normal and fluted, while the progenies of long- 
flowers usually consist of three to seven classes and contain fluted as well 
as long-flowers. Fluted has never given deformed, while long-flowers has 
given deformed. These facts indicate that the segregation of fluted is ac- 
companied by the loss of ability to produce the deformed condition and to 
produce progenies consisting of many distinct types, while Jong-flowers may 
retain both of these capacities. 

There is a considerable difference in the number of fluted from fluted 
selfed (table 7), but the average of all the populations grown is so close 
to that found in untreated lines that this difference probably has no sig- 








TABLE 7 
Transmission of fluted from deformed. 

POPULATION n f ots TOTAL PERCENT f 
30.114 11 37 1 49 76 
31.200 26 22 2 50 44 
31.207 30 18 a 48 38 
31.210 10 43 2 55 78 
32.210 22 27 oe 49 55 
32.211 24 23 3 50 46 





Total 123 170 8 301 56 (average) 
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nificance, especially since the percentage of fluted often varies widely in 
different untreated cultures. (The percentages here varied from 38 to 78, 
but the average of 6 populations was 56 percent, which is close to the 
percentage reported by CLAUSEN and GoopsPEED [1926] for the transmis- 
sion of the fluted character in untreated cultures.) One exception to the 
usual mode of transmission of fluted occurred in the progeny (31.201) ob- 
tained from deformed-fluted (table 2). Here, instead of approximately one- 
half fluted and one-half normal, the whole progeny consisted of mammoth. 
Due to failure of these plants to blossom during the normal flowering 
period, their classification as regards flower-size into long-flowers, fluted, 
and normal was not completed. It was evident, however, that these three 
types did occur. Of 50 plants, 19, or a little less than half, were deformed, 
and some of these were also long-flowers or fluted. Here, the types appear- 
ing in connection with the mammoth character are the same as those in 
non-mammoith populations from deformed. Apparently the modification of 
the F chromosome necessary to produce the mammoth condition must have 
occurred in the deformed-fluted parent at some time before sex-cell forma- 
tion, but after the character of the plant itself had already been determined 
by the non-mammoth producing F chromosome. 

The same change in the F chromosome which led to the production of 
all mammoth in 31.201 must also occur in normal (not fluted) deformed 
plants since mammoth occurs in many progenies from deformed. Un- 
doubtedly plants heterozygous for mammoth occur in these progenies but 
due to the complexity of types dealt with, they have not been classified 
with certainty, so that mammoth has only been dealt with when it has 
segregated in a homozygous state. Two exceptional mammoth types were 
included among the ten mammoth in 31.212. These plants had the char- 
acteristic growth habit of mammoth with the leaf type of long-flowers- 
mammoth, and were only distinct from other mammoth when they bloomed 
late in the season but several months before normal-mammoth. Both of 
these plants were long-flowered and their abnormal behavior in respect to 
the flowering season is possibly related thereto. If long-flowers is due to the 
presence of supernumerary F chromosomes and mammoth to alteration of 
this chromosome, these plants may have possessed two F’s carrying the 
mammoth modification and one which did not, the result being a condition 
approaching mammoth but altered in the direction of normal as regards time 
of blooming. The progeny of one of these plants (32.221) bears on this 
assumption, for of 8 plants grown, 1 was mammoth and 5 were long-flowers. 

Segregation for mammoth in two X; cultures in three to one ratios, indi- 
cates that the change in the F chromosome responsible for the mammoth 
condition had been produced in X; and transmitted to the parent plants 
which were undoubtedly heterozygous for mammoth. Thus 32.220 came 
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from a normal in a population from deformed, and consisted of 50 plants, 
16 of which were mammoth. In the case of 32.200, which will be discussed 
later, 12 out of 50 plants were mammoth. The X; parent of this X; popula- 
tion was fluted, so that the change in the F chromosome responsible for 
the production of mammoth did not occur in the X2 deformed plant, but 
probably must have occurred following its presence in the grandparental 
zygote, since the parent plant was of normal habit and flower size. Six 
mammoth occurred among the 50 of 32.226, which was the F, of a normal 
F, from control X deformed. Thus mammoth is constantly being produced and 
constantly segregating from deformed and in genetic behavior resembles a 
recessive gene mutation. 

As already mentioned , the genetics of the long-flowered types is not as 
simple as that of fluted derived from deformed. The mode of origin of long- 
flowers as well as its subsequent behavior indicates that it is a reflection 
of the presence of at least a part of the F chromosome in excess of its 
normal diplo-condition. CLAUSEN (1931) has shown that triplo-F is a 
large-flowered type, morphologically close to the trisomic “‘enlarged,”’ and 
he calls this form “‘large-lax’’. Our long-flowers is close to large-lax in its 
morphological features but genetic tests have not been made which identify 
the former type with the F chromosome. It is possible that some other 
chromosome, such as the enlarged chromosome, may be concerned in the 
production of at least some of the long-flowered types derived from de- 


TABLE 8 


Transmission of long-flowers types. 














POPULATION n d f t al m dl ml de TOTAL d tf ls PERCENT 
l 
31.202 3 2 7 a & @ 3s 45 $+ Hew @ 
31.208 _ eae 2 @& eS Mt ‘ie wee 50 am 2 32 6 
31.209 ae im. Be .. ie ie on this 49 is 12 20 41 
32.203 . te 16 10 49 26 «53 
32.213 | ar 2 i + 6 44 2 Bs 
32.214 i. J; 10 13 1 1 3 - 43 10 14 33 
32.215 : aa : rn ee oe 50 i 2 tf. @ 
32.217 ae See «cs so. eens ee 49 as 6 24 49 
32.209* _ ae a, me mH ey, he eee 50 me 1 —- 2 
32.227* . ae 10 il ve ae ee 49 ae 10 11 22 
32.228* aa 8 10 ae ae 49 ss $s i @ 
Total 213 2 Gwe Ff 34477 527 § 6&8 2 & 
(aver- 
age) 





* Progeny of F,dQ Xena". 
** 10 were somewhat longer than normal, but did not belong to the /ong-flowers class. 
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formed. We believe, however, that the genetic analysis is adequate and 
simpler, if these types are assumed to be produced by the presence of 
excess F chromosome material. 

As is shown in table 8, 9 of the 11 progenies of Jong-flowers so far grown 
have contained fluted as well as long-flowers, which is unexpected since 
monosomics are rare in progenies of trisomics. The progenies obtained 
from long-flowers suggest those obtained from deformed, for occasionally 
mammoth and deformed as well as long-flowers and fluted occur. The per- 
centage of long-flowers from long-flowers selfed varies from 22 to 64, the 
average for all populations being 43 percent (table 8). The plants in this 
long-flowers class fall into at least two distinct flower-length groups: the 
first 58-62 mm long; the second, super-long-flowers, 63-70 mm long. Three 
populations contained no super-long-flowers but did contain a considerable 
number of fluted. On the other hand, two populations contained no fluted 
but higher proportions of super-long-flowers than did the other popula- 
tions. (31.202 contained a higher proportion of super-long-flowers together 
with a considerable number of fluted. The genetic and cytological evidence 
indicates that while the parent of this population was phenotypically 
long-flowers, the genotype transmitted through the gametes was that of a 
deformed.) 

Super-long-flowers resembles super-enlarged in flower length but differs 
from it in other morphological characters. Super-enlarged is known to be < 
tetrasomic form and has been reported by CLAUSEN and GOODSPEED 
(1924) to give 20 percent of super-enlarged and 77 percent of enlarged in 
its progeny. It is therefore significant that super-long-flowers, 31.208P50, 
gave no more super-long-flowers in its progeny (31.215) than did other 
long-flowers not of the super-long class. It also gave two fluted. A super- 
long-flowers in F, of deformed Xcontrol also showed this same type of be- 
havior, giving 3 super-long-flowers, 10 long-flowers, and 8 fluted in a popula- 
tion of 49 plants. These facts indicate that while super-long-flowers may 
in some cases represent a tetrasomic type, in other cases it is not due to 
the presence of four identical and independent chromosomes. 

In certain populations, /ong-flowers shows considerable variation as to 
habit and flower-width, but this difference is not associated with differences 
in genetic behavior. Thus three categories of long-flowers in 31.208, one 
being the super-long-flowers already mentioned, gave approximately the 
same percentage of long-flowers in their progenies (32.213, 32.214, 32.215, 
table 8). By contrast, 31.209 contained Jong-flowers of only one type, and in 
the progeny of one of these (31.209P43) the long-flowers plants again all 
appeared to be equivalent (32.217). 

Another type which sometimes appears in long-flowers populations and 
is less distinct than the super-long type, has flowers somewhat longer than 














X-RAY DERIVATIVES IN NICOTIANA 505 


normal but not as long as long-flowers. Probably the plants in this group 
do not represent a uniform type for they show considerable variation in 
habit and flower shape. In two cases, however (32.201 and 32.228), the 
plants of this type were distinct from the rest of the population and have 
been classed together as a new type in table 2. In other populations where 
this type was not distinct, the plants have been recorded as variants. 

In its transmission, as well as in its morphological expression, long- 
flowers resembles a trisomic type such as enlarged or large-lax. It differs 
from the trisomic type, however, in the considerable percentage of mono- 
somics produced and in the genetic behavior of some plants of its extreme 
type, super-long-flowers. 

TABLE 9 
Progenies of normal from deformed. 











POPULATION n f m ots TOTAL 
31.204 46 AS ae 2 48 
32.202 47 a _ 3 50 
32.212 47 2 a 1 50 
32.216 50 a aie ‘it 50 
32.220 34 an 15 1 50 
Total 224 2 15 7 248 





Five populations have been grown from plants classed as normal which 
occurred in deformed progenies (table 9). Two of these populations were 
derived from normal plants in immediate progenies of deformed (31.204 
and 32.220) while a third (32.202) carried one of these normal lines (31.204) 
to the X; generation. Of the other two populations, one (32.212) came from 
a normal in a line which had been segregating for fluted for three generations, 
while the last (32.216) came from a normal in a line segregating for long- 
flowers. These five populations in contrast to all others from deformed, 
were uniform in habit, growth rate, and morphological features. Their fer- 
tility was so much greater than deformed, fluted, and long-flowers that they 
had completed their blooming period much before other types. Aside from 
the mammoth in 32.220, which have already been discussed, few variants 
occurred. The occurrence of two fluted in 32.212 may be ascribed to the 
fact that this culture was derived from fluted. It is therefore clear that pure 
breeding races phenotypically equivalent to control may be derived from 
deformed. It is probable, however, that even if the same numbers and kinds 
of genes are present in these plants as are present in the control, their struc- 
tural organization may be quite different, due to transformations which 
have occurred in their deformed ancestry. Thus, these various normals 
from deformed might give different genetic results in crosses with control, 
a point which is being determined. 
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That plants which are close to control phenotypically may be genetically 
quite different was shown in the case of 31.200P8. It was of normal habit 
and possessed flowers of normal size (52X33 mm) which, however, sug- 
gested fluted in shape and showed a small amount of carmine-coral varie- 
gation. An extended series of fluted “‘plus’” and ‘‘minus” types occurred in 
32.200, the selfed progeny of this plant. Aside from 12 plants which did not 
differ significantly from normal, 3 fluted and 12 mammoth (presumably 
fluted-mammoth) are the only plants in this population which fall readily 
into known F chromosome types. The remainder of the population con- 
sisted of plants differing from fluted in greater or lesser degree. Thus 15 
plants possessed erect close-ranked leaves typical of fluted but had flowers 
which were close to normal in length, rather than shorter as in fluted, and 
differed from fluted in flower shape. Six other plants resembled fluted in 
flower shape or size, or in both, but differed from fluted in some other 
morphological feature. One plant was close to fluted in habit and in flower 
shape and size but differed in leaf shape and showed carmine-coral varie- 
gation together with a small amount of white flecking of the corolla char- 
acteristic of deformed. One plant was long-flowered with a long petiolate 
leaf-base. Such a collection of fluted variants is a clear demonstration that 
the characteristic fluted morphological complex is being subdivided through 
production of viable by-products of alteration, the reflection of which has 
not before been reported. 


CYTOLOGICAL EVIDENCE 


The interpretation of the genetic results just discussed is based upon 
the following propositions derived from cytological evidence concerning 
the chromosomal constitution of deformed and its products. (1) The X-ray 
dosage, applied at prophase to the egg from the fertilization of which with 
an untreated pollen grain the original deformed plant arose, produced an 
“attachment” between two homologous chromosomes, presumably the 
two F’s. “Attachment” in this sense involves a permanent physical union 
between chromosomes, with the result that disjunction of the pair involved 
does not occur at IA (figure 8). (IM, IA, IT =metaphase, anaphase, and 
telophase of first meiotic division; IIM, IIA, IIT =corresponding stages 
of the second meiotic division.) In origin “‘attachment” may be thought of 
as differing from translocation in the important point that whole chro- 
mosomes are “‘attached,” producing a single unit with two spindle-fiber 
insertions. The original interpretation (GoopsPEED and AvEry, 1930, p. 
313) given to this product of attachment was that “‘opposite ends of a 
single whole chromosome have become united each to one member of a 
pair with which the single chromosome is not homologous.” While it is 
possible that chromosome material from some other chromosome than 
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the F was involved in the transformation leading to the attachment of the 
F chromosomes, the genetic data at present indicate that only the F 
chromosomes are concerned. The present interpretation of the cytologically 
observed attachment and its products involves such a union of F chromo- 
somes as is shown in figure 8, a. The structure and behavior of the attached 
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Figure 8.—Diagrammatic representation of behavior of attached F chromosomes in meiosis: 
a, diplotene; b, IIM, following the distribution of parts of the two F chromosomes to opposite 
poles; c, IIA, showing division of attached F’s; d, e, f, IIT, showing three different orientations 
of the granddaughter nuclei, in each case chromatin bridges connecting two nuclei whose chromo- 
somes were not derived from the same IIM nucleus; g, condition of the attached chromosomes 
at IIT, the dotted lines showing points of breakage of the chromatin bridge, to give rise to the 
products h to r. 
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units corresponds to this interpretation. If the force repelling the two 
homologous chromosomes at IA is sufficient to produce the chromatin 
bridge by attenuating the chromatin of the two chromosomes involved, 
the difference in degree and place of attenuation of the bridge leads to 
different apparent points of attachment as seen at IT to IIT, and this fact 
was responsible for the earlier interpretation. While part or all of this 
earlier interpretation may be valid, we have preferred to use the simpler 
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FicurE 9.—Diagrammatic representation of the F chromosome constitution of some of the 
gametes of deformed and of their union to give the following types which occur in progenies of 
deformed: a, deformed; b, long-flowers or deformed-long-flowers; c, super-long-flowers; d, long- 
flowers ; e, long-flowers or deformed-long-flowers; £, super-long-flowers; g, long-flowers ; h, deformed- 
fluted ; i and j, fluted. 


one here described. (2) The chromosome behavior of such a unit is thought 
of in terms of duality in spindle-fiber insertion and, particularly, so far as 
meiosis is concerned, of breakages which occur at IIA. During mitosis the 
relation of this unit to the spindle will, at times, result in its lagging and 





ESS © 
b 
Figure 10.—Two adja- Ficure 11.—IIM in an X2 deformed plant 
cent cells from a longitudinal (29.137P14) : a, 24 chromosomes in each plate, the 
section of a root of deformed. F chromosomes having been distributed to op- 
In each cell a complex unit is posite poles at IA, but remaining attached by a 
distinct from the metaphase chromatin bridge; b, 23 chromosomes in each 
plate. For comment, see text plate, the attached F chromosomes lagging be- 


(p. 509). (Paraffin; X 1550.) tween the daughter nuclei. (Paraffin; X 1550.) 
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elimination (figure 10). (3) Products of IIA behavior are normal F’s, de- 
ficient F’s, and F’s with various amounts and kinds of additions (figure 8, 
h-r). (4) Elimination in mitosis of this unit produced by attachment 
gives rise to abnormalities in tissue production and alignment. Certain of 
these points are illustrated by the diagrams in figure 8. 

The mosaic-like expression of the deformed condition is a reflection of 
somatic elimination of F chromosomes as a result of their attachment. 
The attached chromosomes may be left in the plasma at telophase of mi- 
toses in deformed plants, due to the mechanical difficulties sometimes arising 
in the separation and distribution of the products of division of the com- 
plex unit they constitute. Thus, figure 10 shows two adjacent cells, both 
in metaphase, from a longitudinal section of a root of a deformed plant. 
Here, in each cell, is a complex double unit, distinct from the metaphase 
plate, and beginning to degenerate. The fact that these units in adjacent 
cells appear to be structurally identical, indicates that they are products of 
delayed division of a complex unit which lagged in the preceding anaphase. 
The ultimate result of such elimination is the tissue degeneration which 
can be seen to occur in limited regions of most growing points of deformed 
plants. Nullo-F plants are not known to occur, due presumably to their 
zygotic lethality, and, similarly, tissue degeneration characteristic of de- 
formed probably is a product of the nullo-F condition. The fact that the 
deformed condition has been preserved through five generations on selfing 
of deformed plants (figure 6) indicates that the attached unit, although it 
is being periodically eliminated in mitosis, is present in most if not all cell 
lines which are capable of terminating their mitotic cycle in sex-cell for- 
mation. Apparently the degrees of expression of the deformed condition 
depend upon the amount of elimination in early growth stages. Thus, the 
large amount of inviable seed and of death in earlier or later seedling stages 
which occurs, is a reflection of early and considerable elimination, with 
the result that not a sufficient amount of normal tissue is available to 
permit maturity to be attained. 

Cytologically, the attached F’s present in deformed plants are most con- 
spicuous at meiosis because of their abnormal anaphase behavior (figure 
8). At IM, the product of attachment may be indistinguishable from other 
bivalent chromosomes, but at IA the situation involved becomes evident 
because of the lack of disjunction of the two attached members (figure 11, 
a). Now, within the normal tabacum set, the F chromosome is long with 
median spindle-fiber insertion (CLAUSEN 1930). The attachment under 
discussion involves a union of the two F’s at a point between the spindle- 
fiber insertion and one end, as shown in figure 8, a. If attachment was in- 
duced at an early meiotic stage, as seems probable, it might represent a 
permanent union at a point of chiasma formation. 
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The failure of disjunction of the two attached chromosomes at IA is 
evidenced by three different types of end product at IT. Most frequently 
separation of portions of the attached F’s takes place, and, along with 
products of normal distribution, these portions are present in the daughter 
nuclei. Because of the attachment of the two F’s, however, a chromatin 


py 
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Ficure 12.—IIA in an X2 deformed plant (29.137P14). The attached chromosomes have di- 
vided and form a chromatin bridge between nuclei whose chromosomes were not derived from the 
same IIM nucleus. Two different orientations of the four granddaughter nuclei are shown in a 
and b. (Paraffin; X 1550.) 


bridge is formed at IT (figure 11, a). In other cases the attached F’s fail 
to reach either pole and lag between the daughter nuclei, where they may 
be seen as a complex double unit (figure 11, b). At other times, the entire 
product of attachment goes to one pole, or rarely, the strain caused by the 
distribution of portions of the two chromosomes to opposite poles may 
result in the breaking of the attachment at IT. Either of these latter two 





Ficure 13.—IM in fluted, derived from deformed (31.207P46): a, IM, polar view with 2311 
plus the F chromosome (‘‘x”’), which is of abnormal shape; b, IM, side view (all chromosomes 
not shown), F chromosome above the plate (“x”). (Aceto-carmine; X 1140.) 


types of behavior give IT and IIM plates which show neither a connec- 
tion nor a lagging unit. The relative frequencies of these alternative be- 
haviors were determined in the case of an X_ deformed to be 94:56:56, or 
approximately 2:1:1. 

The critical period for the survival of the attached F’s in their quanti- 
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tatively unaltered condition is, however, from IIM to IIT, when the four 
granddaughter nuclei are becoming most widely separated in the cell. 
Thus, if the attached units have been distributed to the same pole at IA, 
they may enter the gamete unaltered. If, on the other hand, they have 
been distributed to opposite poles at IA, at ITM the connecting chromatin 


g 
fee 
14 
Ficure 14.—IIM in long-flowers derive from deformed (31.209P33) showing 23 and 24 chro- 
mosomes at IIM and the F chromosome with attached segment lying in the plasma. (Aceto- 
carmine; X 1140.) 


_ Ficure 15.—IIM in triploid from deformed (31.212P19), showing 28 plus a fragment in one 
plate, and 43 plus a fragment in the other. (Aceto-carmine; X 1140.) 





bridge will, itself, divide along with the chromosomes. As the daughter 
halves separate at IIA, two chromatin bridges will be formed, each con- 
necting two nuclei whose chromosomes were not derived from the same 
IIM nucleus (figure 8, c; 12). The stresses under which the bridges 
are placed as the nuclei separate, produce breakage. The various regions of 
fracture are apparently determined by the relation of the point of at- 
tachment to the ITA forces operating in the cell. 


< 
& KH 


Ficure 16.—IIT in long-flowers (30.115P12), showing chromatin bridges connecting nuclei 
as in deformed (see fig. 12). (Brazilin; x 1140.) 


At IIT, the products of breakage are strikingly apparent (see Goop- 
SPEED and Avery 1930, Plate 19, figures 10-14). Thus, if the break occurs 
near one spindle-fiber insertion, two units result, one of which is equivalent 
to half of an F chromosome, and the other to an F chromosome with an 
additional half attached (figure 8, q, r). If the break occurs near the point 
of initial attachment, one of the resulting F chromosomes may have a 
portion deleted, while the other will have this segment added (figure 8, 
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h, i). It is also possible that a double break may result in the production 
of a unit consisting of the same two halves of the F chromosome attached 
(figure 8, n, 0, p). As to the other two halves, they are lost or preserved as 
larger fragments, depending upon whether or not they possess spindle- 
fiber insertion regions. In addition, very small fragments are produced 
following the breaking of the bridge (figure 8, j}-m). These various prod- 
ucts of the action of the ITA and IIT forces upon the chromatin bridges 





a b c 
FiGcurE 17.—PMC from two shoots of a chimeral plant (32.217P4), showing different chromo- 
some constitutions: a, IM in long-flowers shoot, 2311+-1111; b, IIM in long-flowers shoot, 24-25; 
the chromosome marked “‘x’”’ has an attached segment; c, IM in short-flowered shoot, 2311+11, 
the univalent marked “x.” (Aceto-carmine; X 1275.) 


correspond closely to the kinds of F chromosomes found in progenies of 
deformed plants. Probably none of these products is structurally equivalent 
to an F in control, and yet genically it may be more nearly equivalent to 
such a unit. Thus, the genetic evidence shows that the F in fluted from de- 
formed is genically close to normal F, and yet, as seen at IM in these 
plants, this unit, conspicuous in the monosomic condition, is not struc- 





c 

Ficure 18.—Meiosis in deformed-long-flowers (30.115P27): a, IM, 23114111; b, IM, 2411+11, 
the univalent marked “x”; c, IIM, 23 chromosomes in one plate, 24 in the other, and an F with 
attached segment in the plasma. (Brazilin; X 1140.) 


turally equivalent to normal F. Thus, as shown in figure 13, it occurs as 
two discrete segments physically united at one point. The chromosomes 
present in certain long-flowers derivatives are even more strikingly distinct 
from normal F, for here there is often a large segment attached to an other- 
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wise normal chromosome (figure 14). The derivation of such chromosomes 
from the unit present in deformed is shown in figure 8, g-r. In deformed 
plants it has been observed that the connection of IIM plates by means 
of the attached F’s may lead to the formation of “restitution nuclei,”’ and 
thus of somatic gametes. Two plants from deformed have proved to be trip- 
loids, 31.212P19 (figure 15) and 32.207P1 (GoopsPEED 1930). 

The fact that deformed X control gives no deformed, but gives long-flowers 
and fluted, is further evidence of the chromosomal mechanism operating 
in the production of gametes in deformed plants. The non-appearance of 
deformed is due to the contribution by the controlofa normal F chromosome. 
If the deformed gamete contributes a single F derived from such a break- 
ing of the bridge, as is shown in figure 8, 1, m, a normal plant is produced. 
The occurrence of fluted in progenies of deformed X control is the result of 
the lack of the entire attached unit in the egg. On the other hand, the 
long-flowered plants in such progenies are, as noted above, triplo-F. 
Obviously there is a possibility that such a plant contains three unat- 
tached F’s as a result of the inclusion of both products of the break at IIM 
in the production of the egg (figure 9, g). If the deformed egg contains at- 
tached F’s, the addition of a normal F from control determines lack of de- 
formity and gives long-flowers (figure 9, d). Thus, in this latter case, al- 
though the attached F’s are undoubtedly present and being eliminated in 
mitosis as in deformed, the unattached F prevents the degeneration of the 
cells involved and thus the external evidence of tissue deformation (figures 
16, a and b). 

That chromosome elimination takes place in somatic tissues of long- 
flowers, was made evident in the progenies from deformed X coral, where the 
structurally unaltered F contained the recessive flower color factor, while 
the dominant carmine factor was introduced with the F chromosome com- 
plex from deformed. In these progenies, the elimination of the F chromosome 
from the gametes of deformed could be measured by the number of coral- 
fluted plants, and the elimination of F chromosomes derived from de- 
formed in somatic mitoses could be followed by the occurrence of carmine- 
coral variegation (figure 7, g). This kind of variegation occurred in long- 
flowers, as well as in plants with flowers of normal length, and is an indi- 
cation that the attached chromosomes present, responsible for long-flowers, 
are occasionally eliminated in somatic divisions. 

Further evidence that chromosome elimination takes place in long- 
flowers without producing deformity, is found in the fact that three dif- 
ferent plants of this phenotype have given rise to shoots from the base of 
the central stalk on which all the flowers had lost the long-flowers charac- 
ter, due to the loss of one or more F’s from the cells of their central axes 
giving rise to these shoots. In the case of 32.217P4 the loss could be ob- 
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served cytologically by comparison of the PMC produced by the central 
axis and the side shoot. Thus, 231:+1111 at IM (figure 17, a) and 24-25 
at IIM (figure 17, b) were the characteristic configurations in PMC from 
the long-flowers axis, while the PMC from the short-flowered shoot showed 


only 23y,+1; (figure 17, c). 
8 S, 
a b c 


FicurE 19.—Meiosis in super-long-flowers (32.209P39): a, IM, 231:+11v; b, ITM, 25 chro- 
mosomes in one plate, two of which were not disjoined at IA (‘‘x’’), 23 in the other plate, and two 
products of non-disjunction in the plasma (“‘y”);c, IIM, 23 plus a quadrivalent in the plasma. 
(Aceto-carmine; X 1230.) 


The genetic evidence given in table 3 shows that non-deformed lines of 
fluted, long-flowers and mammoth have been derived from the original 
deformed plant. The origin of such lines is as follows. Where the attached 
unit is entirely absent in a gamete, due to elimination in meiosis, the gamete 
being therefore nullo-F, its union with a haplo-F gamete, produced through 


a8 
g 
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Ficure 20.—IM in super-long-flowers (31.208P50), showing 23;; plus a quadrivalent involv- 
ing a “chain” of chromosomes. (Aceto-carmine; X 1140.) 

Ficure 21.—IM in fluted-mammoth (31.212P32); 2311+11, the chromosome in the plasma 
showing a type of structural abnormality of the F chromosome. (Aceto-carmine; X 1140.) 


breaking of the attachment, gives fluted (figure 9, i and j). On the other 
hand, long-flowers represents essentially the triplo-F condition. It may be 
a product of the union of a gamete containing the attached unit and a 
haplo-F gamete derived as in the case of fluted mentioned above (figure 
9, b). At IM such a plant will show either 24 or 25 units. In the former case 
one unit is structurally equivalent to a trivalent, two members of which 
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are attached (figure 18, a); in the latter there is a univalent not associated 
with the attached unit (figure 18, b). When the attachment is broken to 
give two normal F’s, their union with a normal gamete will also give long- 
flowers (figure 9, g). Again, when the breaking of the attachment is such 
that a segment of an F is still attached to the other F, so that the segment 
lacks a spindle-fiber insertion, a gamete results which, united with a 
gamete containing a normal F, gives long-flowers (figure 9, d). A plant so 
derived gives evidence of its chromosome constitution at IIM, where the 
two plates contain respectively 23 and 24 chromosomes with a unit in the 
plasma, the latter showing an F with a segment attached (figure 18, c). As 
already noted, the progenies of such plants in succeeding generations con- 
sist of normal, long-flowers, and fluted. This result depends upon the kinds 
of gametes produced by the mechanism just described. Super-long-flowers 
occur in progenies of deformed and particularly in derived long-flowers 
lines. They are found to represent the tetra-F condition resulting from 
union of gametes containing two attached F’s or an F with an attached 
segment, or two detached F’s (figures 9, c, f; 19, and 20). 

The appearance of mammoth in this complicated situation is explicable, 
since the F complex is concerned in the spontaneous appearance of this 
type (CLAUSEN 1931). Its genetic behavior is that of a monogenic reces- 
sive, but it is possibly a product of structural chromosome alteration 
(DARLINGTON 1932, p. 242). In untreated lines, fluted-mammoth and long- 
flowers-mammoth have been derived from mammoth as a result of the oc- 
casional production of haplo- and triplo-F types associated with the pres- 
ence of the alteration which gives mammoth. On the other hand, the oc- 
currence in X-ray derivatives of deformed-mammoth, deformed-fluted- 
mammoth, and deformed-long-flowers-mammoth, calls for further comment. 
Their occurrence is involved in the following considerations, which also 
apply to the occurrence of deformed-fluted and deformed-long-flowers. 

All of these types which have the deformed character in common prob- 
ably represent products of breakages of the attachment occurring in the 
deformed parents (figure 9). Of course, deformed-mammoth and deformed- 
long-flowers-mammoth might be related to the transmission of the two F’s 
in their attached condition, if the alteration responsible for the production 
of the mammoth condition had occurred in all the F’s, or in all except those 
which are deficient for the non-mammoth allelomorph. It seems more prob- 
able, however, that the deformed condition in most of these particular de- 
rivative combinations is due to the presence of unattached F’s whose 
structural alterations are such as to induce somatic elimination. For 
example, 32.207, the progeny of a deformed, possessed a large number of 
deformed-fluted (figure 6), a phenotype which had occurred in the case of 
only one plant previously. Apparently, here, the attached F’s seen in the 











516 T. H. GOODSPEED AND P. AVERY 


parent (31.205P35) must have been detached to give F’s genetically close 
to normal but structurally so modified that their reproduction in somatic 
mitoses is impaired and leads to their occasional elimination from certain 
cells, which are therefore nullo-F and inviable. Deformed-long-flowers do 
not show the extent of tissue abnormality which is characteristic of de- 
formed-fluted, and this indicates that the complete elimination of the F’s 
is not as frequently accomplished in the former case. In such plants two 
units involving the F attachment complex must be sufficiently abnormal 
in structure to induce their elimination (figure 9, e). One of these units is 
in some cases the F with a segment attached, as already described and 
shown in figures 14, and 18, c, where the attached segment is responsible 
for the long-flowers type. The other F in this case may be equivalent to 





a b 


Ficure 22.—Chromosome attachment, and one of its products: a, IIM in a plant showing 
carmine-coral variegation (31.200P8), 24 chromosomes in each plate, one of which is attached to 
a chromosome in the other plate; b, IM in fluted variant (32.200P46), derived from 31.200P8, 
2311, an F chromosome with a segment attached (“x”), and a fragment (‘‘y’”’). (a, Aceto-car- 
mine; X 1140. b, Aceto-carmine; X 1100.) 


that in deformed-fluted. In the case of deformed-mammoth, therefore, there 
may be two structurally altered but unattached F’s by which the mammoth 
character is transmitted. The modified F present in a fluted-mammoth is 
shown in figure 21. In what way the structural modification that is evident 
in this case is related to the production of the mammoth character is not 
clear from the evidence available. It is clear, however, that the F chromo- 
some shows structural alterations in all types in which the deformed con- 
dition is expressed morphologically. 

Carmine-coral variegation may be related to chromosome attachment, 
as is shown in figure 22, a. Here the chromatin bridge connecting IIM 
plates is seen in a plant of this type. The chromosome constitution of a 
fluted variant derived from this plant is shown in figure 22, b. Here, in ad- 
dition to 2311, there is a fragment and a univalent F chromosome which 
has an attached segment, both derived from the breaking of the chromatin 
bridge in the parent plant. 

Of the many products of attached F’s observed, the structurally modi- 
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fied F chromosome present in an Xz; fluted deserves mention. At IM in 
PMC of this plant, the unpaired F chromosome could be seen among the 
2311 as a lightly-staining, deeply constricted unit somewhat larger than 
the normal F. Further study indicates that it is an F with a small attached 
segment. Such an F frequently lags at IA, and divides in the plasma at 
IIM. At IIT the products of this equational division are very clear be- 
cause of their isolation in the cell (figure 23). It was sometimes found that 
in dividing, one daughter-half of the attached segment became detached 
(figure 23, a), so that at IIT there was one daughter-F with the attached 
segment and another without the attached segment, the latter being free 





Ficure 23.—IIT in fluted (30.113P14), showing division of the F chromosome with a segment 
attached, to give one daughter F with the attached segment, one without an attachment, and the 
detached segment free in the plasma. (Aceto-carmine; X 1140.) 


in the plasma (figure 23, b, c). This loss of the attached segment in a divi- 
sion corresponding to a somatic one suggests that a similar process may be 
operating in the production of “‘mottled” Drosophila described by Pat- 
TERSON (1932a). He has shown that “mottled” is the product of an un- 
stable translocation, and has postulated that “‘it is possible for the chromo- 
some with the attached fragment to split in such a manner that one cell 
will receive a daughter chromosome bearing the undivided fragment, 
while the sister cell will receive the other daughter chromosome without 
the fragment.” The mechanism here illustrated, that is, the loss of one 
product of division of the fragment, would account equally well for 
PATTERSON’S results. 
DISCUSSION 


The evidence, genetic and cytological, concerning the “deformed as- 
semblage” which has been presented above demonstrates the far reaching 
consequences of chromosome attachment of the type obtaining in this in- 
stance. The attachment concerned here has been productive of (1) races 
transmitting quantitative chromosomal variations (the monosomic, tri- 
somic and tetrasomic conditions) ; (2) pure-breeding races transmitting re- 
cessive character contrasts which may be, however, products of structural 
chromosome alteration (coral and mammoth derivatives); (3) ‘‘eversport- 
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ing” races, products of mosaicism (deformed), transmitting the ‘‘ever- 
sporting”’ tendency. 

We have shown that the deformed condition is a reflection of somatic 
elimination of F chromosomes as a result of a physical attachment in 
which they are involved. In addition to confirmatory cytological evidence, 
the presence of equal numbers of monosomic and trisomic types in prog- 
enies of deformed indicates the behavior in meiosis of this product of at- 
tachment. The genetic behavior of other elements of the deformed as- 
semblage depends upon the initial presence of the attachment together with 
products of its breakage. These products may be, structurally, more 
simple and give relative simplicity in genetic behavior, as in fluted races 
derived from deformed. _They may, however, be complex as is evi- 
denced by the behavior of derived long-flowers lines, for example. 

Those instances in which the genetic behavior of a deformed derivative 
cannot readily be related to products of the attachment which determined 
its phenotype, are interpretable in terms of secondary structural altera- 
tion or of elimination of products of the initial chromosome reorganization 
involved. Thus, the F chromosomes in deformed-fluted (30.113P15) which 
gave all mammoth suffered alteration in mitosis, while the added F re- 
sponsible for the production of deformed-long-flowers (30.115P31) was 
eliminated in somatogenesis with the result that the progeny contained no 
long-flowers. 

The capacity of high frequency radiation to induce quantitative chromo- 
somal alterations has been recognized for some time. One of the first 
chromosomal variants thus induced, the cytogenetics of which was fully 
reported, was Nubbin, a compound chromosome derivative in Datura 
(BLAKESLEE 1927). It gave five morphologically distinct, variant types, 
one of which was Nubbin, in whose progeny the same complex segregation 
occurred. Thus, in genetic behavior Nubbin suggests deformed. However, 
all five of the variant types produced by Nubbin are trisomics, two being 
primary trisomics, two tertiary trisomics, and one Nubbin like the parent. 
Deformed, on the other hand, is not itself a trisomic, and its derivatives in 
addition to deformed, are monosomic, trisomic and pure-breeding recessive 
disomic for the F chromosome. 

As already noted, deformed is comparable to STEIN’s (1926) “‘farb- und- 
formdefekt” strain of Antirrhinum in external morphology and in the 
nature of the tissue degeneration involved. In particular her “‘ Phytocar- 
cinome” (PCa) R1053 (Stern 1930), induced by radium treatment of an 
embryo, is of interest here. (STEIN designates her radium treated genera- 
tion “R,” and the progeny derived from it ‘‘R;,’”’ while we use R, and R,z 
respectively.) The derivatives of R1053 are reminiscent of those from de- 
formed so far as the complexity of types and their interrelations are con- 
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cerned. STEIN (1932) has shown that her case may behave as a Mendelian 
recessive, breeding true and segregating in F, in crosses with normal. She, 
also, finds evidence of mitotic and meiotic abnormalities which she inter- 
prets as induced by the tissue degeneration produced by a recessive gene. 
On the other hand, we have shown that deformed is not the product of an 
induced recessive gene mutation and, further, that the mitotic and meiotic 
abnormalities it shows are the cause and not the effect of tissue degenera- 
tion. 

The manner in which lethal deficiency effects operate in the production 
of the deformed condition calls for comment. PATTERSON (1932b) has shown 
that the loss from one of the X chromosomes in the zygote of Drosophila, 
of a small “viability region,” possibly a single gene, has the effect of a 
dominant lethal. When lost from a cell during somatogenesis the cell de- 
scendants, in combination with non-deficient cells, give somatic tissues 
exhibiting mosaicism. In deformed, something of the nature of such a 
“viability region” is concerned but here it appears to have a recessive, in 
place of a dominant, lethal effect. In this connection, it is to be noted that 
in STEIN’s PCa individuals and, also, in the case of deformed, the lethal 
effect apparently is not strictly limited to cells deficient for the “‘via- 
bility region” but extends its influence to neighboring cells. 

Doubtless many cases involving the occurrence of gynandromorphs, 
mosaics, mottles, and variegated or “‘eversporting”’ individuals are related 
to somatic elimination of chromosomes which have become structurally ab- 
normal. In Drosophila, L. V. Morcan (1929) found a line possessing an 
abnormally shaped X (the “‘U” line). It gave a high percentage of gynan- 
dromorphs in which it could be shown that the abnormal X was eliminated 
in mitosis. This chromosome was originally one of the two attached X’s 
and doubtless its structural abnormality was attained during detachment. 
In this regard it is comparable to certain abnormal F chromosomes in 
derivatives of deformed. 

In many features the mottled-eyed Drosophila case as reported by 
PATTERSON (1932a) resembles that of deformed. Both are products of X-ray 
treatment and in certain respects are comparable as to the morphological 
expression involved, genetic behavior, and, also, in respect to cytological 
interpretations offered. The occurrence among mottled-notched females 
of “individuals that show every degree of mottled and notched condi- 
tions” is paralleled by the variability of expression of the deformed con- 
dition and of carmine-coral variegation. Again, hyperploid long-flowers de- 
rivatives of deformed produce deformed offspring, and similarly PATTERSON 
reports that “fertile hyperploid flies really constitute a mottled line, from 
which a stock can be established.” Finally, the interpretation of both 
cases involves the elimination of chromosome material during mitosis. On 
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the other hand, mottled involved an ‘‘unstable translocation’’—a small 
segment of the X chromosome translocated to the fourth chromosome. In 
deformed, however, more than a whole chromosome is subject to elimina- 
tion. It may vary in its constitution as it occurs in different individuals and 
in succeeding generations of deformed, but so long as it is subject to loss, 
this chromosome is seen to differ morphologically and structurally from 
its condition in control. (MULLER [1930] has noted that all cases of mottled 
involve some type of gene rearrangement—deletion, translocation, or 
inversion. ) 

Attention has been called above to certain reported instances in which 
treatment with high frequency radiation has produced chromosomal vari- 
ants exhibiting complex interrelationships, tissue degeneration which is 
hereditary, and mosaicism involving chromosome elimination. The data 
submitted here as to the cytogenetics of the “‘deformed assemblage”’ indi- 
cate that a unique situation obtains in this case since all of these various 
phenomena are concerned and are capable of a consistent genetic and 
cytological interpretation on the basis of chromosome attachment and 
resulting elimination. 
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In an earlier paper (BELLAMY 1928), reference was made to a “golden” 
variety of Platypoecilus maculatus Gintu. This report presents data on the 
hereditary behavior of this character and discusses its relation to the char- 
acters previously studied and to the work of FRASER and GorpDon (1929) 
on the same variety. The data, all of which, except for a few matings sum- 
marized in table 1, are presented in pedigree form, table 6. They were ob- 
tained, in part, in the Hull Zoological Laboratories at the UNIVERSITY OF 
Cuicaco. Through 1926-1929, work progressed slowly in an improvised 
laboratory at my home. In 1929 facilities became available for resuming 
work on the new campus of the UNIVERSITY OF CALIFORNIA at Los Angeles. 
After many interruptions it has been possible to conclude certain analyses, 
results of which I wished to study before submitting the results obtained in 
1923-1924. 

Gorpon (1927, 1931) and FRASER and GorDON (1929), have furnished 
excellent descriptions of the variety known as Gold. It is described as a 
clear transparent yellow, slightly tinged with pale orange, eyes greenish 
blue, dorsal fin flushed with red. Gorpon finds that the color of the body 
compares favorably with Deep Colonial Buff, Ridgway Plate 30; dorsal 
fin of male, Scarlet; and dorsal fin of the female, La France Pink, Ridgway 
Plate 1. Eyes are Turquoise Green, Ridgway Plate 7. Gorpon (1931 pp. 
749, 750) notes further that this variety is without spots (macro-melano- 
phores) and stipples (micro-melanophores) with the exception of occasional 
micro-melanophores in the mid-dorsal region and along the caudal peduncle. 
The red of the dorsal fin, in my material, often extends down onto the body, 
occasionally reaching the mid-ventral line near the anal and pelvic fins. 
In extreme cases erythrophores are present along the caudal peduncle. In 
the presence of the gene, or genes, for Blue (See Gorpon 1931, p. 763 for 
description) and where the guanophores cover an extensive area the Gold 
variety takes on a decided silvery cast, which under certain lighting con- 
ditions, may require the use of a microscope to effect certain distinction 
of a few individuals from typical Blue stippled specimens. 

Other characters of Platypoecilus, the hereditary behavior of which has 
been described, fall into what has been interpreted as a sex-linked multiple 
allelomorphic series. GORDON (1926, 1927) and FRASER and Gorpon (1929) 
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state, however, that the type described as White (BELLAMY 1928) or 
stipples (GorDoN) is not sex-linked but autosomal. This conclusion is 
natural enough since the micro-melanophore pattern behaves as a simple 
Mendelian dominant to Gold which is certainly autosomal. As far as one 
can judge from the available information our differences in opinion or 
usage appear to be largely rhetorical, since the hereditary behavior of the 
stipple pattern is readily and consistently described by considering it a 
wild-type as is done in Drosophila. Geneticists find no particular dif- 
ficulty in regarding red eye color in Drosophila as either autosomal or 
heterosomal, depending upon the particular allelomorph under considera- 
tion. 
In describing genotypes the following symbols are used: 


1. + =Wild-type (White, Stipples). The same symbol, +, is also used 
for the wild-type allelomorph of N, P, and R. 

2. g=Gold. 

3. N=Nigra. (Stippled. Macro-melanophores arranged in a definite 
pattern.) 

4. R=Rubra. (Stippled, red, spotted. While females are usually, but 
not always, much less red than males, they are more variable and 
develop the red color later.) 

5. P=Pulchra. (Stippled, spotted, non-red.) 


A Nigra-Gold specimen is non-stippled and shows typical effects of the 
gene g, except in those regions of the body that are obscured by the Nigra 
pattern. Pulchra-Gold is non-red, non-stippled, spotted, but otherwise 
showing typical effects of g. Rubra-Gold is red, spotted, non-stippled. 
Separation of Rubra-Gold from Rubra is most easily effected by isolating 
all Gold young soon after birth, from matings where both phenotypes are 
expected. The separation can be made in adult fish but it is necessary to 
use a microscope on many specimens to determine the presence or absence 
of micro-melanophores. 

It will be convenient to use any of the above symbols, except g in place 
of the X (or Z) chromosome symbol, and O for the Y (or W) chromosome 
symbol. Heterosomic or sex-linked characters (genes) are written first. 
Thus, RR gg and RO gg represent Rubra-Gold male and female respectively. 
++gg represents a Gold male; +Og+, a female heterozygous for the 
wild-type allelomorph of Gold and with the heterosomal wild-type allelo- 
morph of the multiple allelomorphs, R, N, or P. In this manner the neces- 
sity for giving the wild-type symbol a special subscript label is avoided. 

The pedigree, table 6, is so arranged that the reader may compare the 
data with any hypothesis. Since original record numbers are used it is 
really a continuation of the pedigree previously published (BELLAMy 1928, 
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table 3). The type of mating is indicated in the first column where the 
genotype of the male parent is written first. The second column gives the 
original record number; third and fourth columns the source of the parents. 
Where the source of material is unknown, usually obtained from a local 
dealer, the fact is indicated by the letter U. In a few cases material has 
been taken from unpedigreed stocks kept for varying lengtks of time in the 
laboratory. The number of young born is recorded in the fifth column and 
in the sixth to twelfth columns the phenotype of offspring. Males are re- 
corded above and females in the line below as indicated for the first mating 
of the table. Where the color of young has been recorded soon after birth 
the number is recorded in parentheses under the phenotype they most 
closely resemble. 

Crosses of Gold with the Wild-type were made reciprocally with sub- 
stantially identical results, (table 1). 











TABLE 1 
Gold X Wild-type 
8g — 
Wild-type g+ 
ou 2 
F; 110 129 (Matings 303, 322, 462, 465) 
Wild-type ++ and g+ Gold gg 
rou 9 rou g 
124 144 37 25 (Matings 303.1, 322.1, 


450.2, 462.1, 463.1) 





Aside from the relatively small number of F, Golds, which is prob- 
ably insignificant with such small numbers, the chief matter for comment is 
the appearance of F; and F;, Wild-types. They approximate the Wild- 
type in general appearance, but dominance is not complete except as re- 
gards stippling. The dorsal fin is distinctly tinged with red, most marked 
near the base of the fin, and in many specimens, mostly males, there is a 
trace of red color on the abdominal wall near the anal and pelvic fins. The 
red color in the dorsal fin is more conspicuous in males than in females. 
This tendency toward an intermediate condition indicates that Gold is 
not simply a fish without stipples but that it has certain positive attributes 
of its own. 

Since P, N, and R may be regarded as belonging to the same allelomor- 
phic series, crosses involving these three patterns and Gold are tabulated 
together. The record numbers of the matings included in the tabulation, 
table 2, are given and the reader may study each cross separately by 
referring to the pedigree, table 6. The letter C is used in tables 2 and 4 to 
replace P, or R, or N. 
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Separation of Rubra-Gold from Rubra was not considered accurate 
enough in mating 304.1, the first in which these types appeared, to justify 
inclusion in the tabulation. Results of this mating are included, however, 











in table 3. 
TABLE 2 
Gold # xX Colored ? 
++2 CO++ 
Colored 7’ Wild-type 9 9 
C+gt+ +0g+ 
F, 48 54 (Matings 304, 305, 306) 
Colored Wild-type Colored-Gold Gold 


AP 92 Pt O92 PR OP FH 
86 9 9 14 23 (Matings 305.1, 


F, 65 70 63 
305.2, 306.1, 306.2) 











TABLE 3 
RED NON-RED 
SPOTTED NON-SPOTTED SPOTTED NON-SPOTTED 
at 29 sos 2 ga FF ve FF 
F, 48 0 0 0 0 0 0 54 
F, 91 106 0 0 0 0 91 119 





The results given in table 2 may be compared, to some extent, with the 
data of FRASER and Gorpon (1929, table 2) by reclassifying the data and 


using their descriptive names (table 3). 
Data from reciprocal crosses, Colored male X Gold female, are presented 


in table 4, and compared with similar data of FRASER and Gorpon (1929, 


table 1) in table 5. 











TABLE 4 
Colored @ X Gold 9 
CC++ ++8 
Colored Wild-type 
(inter-sex ?) 
[ose ee 
C+gt COg+ 
89 54 1 (Matings 317, 388, 389, 390) 
Colored Wild-type Colored-Gold Gold 
go $9 at ee oo &¢ at 8 
0 17 (Matings 388.1, 388.2, 


96 57 0 49 27. («17 
389.1, 390.1) 
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TABLE 5 
RED NON-RED 
SPOTTED NON-SPOTTED SPOTTED NON-SPOTTED 
ge 29 gq 29 Fo 8g soe FF 
F; 89 54 0 0 0 0 01 0 
F, 123 74 0 0 0 0 0 66 





It will be noted that only matings 304, 304.1, 317, 389, and 389.1 are 
directly comparable with the results of FRASER and Gorpon. The other 
types of matings, however, involving N and P are better suited to the 
analysis in question since, with one exception, all of the phenotypes are 
easily distinguished and many of the genotypes can be determined by in- 
spection. The distinction between Rubra-Gold and Rubra is mentioned 
on page 523. By isolating all of the Gold young in mating 389.1 soon after 
birth the separation of the two phenotypes was easily effected. 

Unfortunately a detailed comparison between these data and those of 
FRASER and GorDon (1929) is not possible, since apparently they have 
thrown certain phenotypes together. In the headings to their tables 1, 2, 3, 
and 4, appears the phrase ‘‘ Gold—(non-spotted, non-red)”’ and while it is 
legitimate to infer that the offspring labeled in the tables as ‘‘non-red, 
non-spotted” are Gold, it seems probable that they have simply suppressed 
certain details for the sake of brevity or to emphasize a particular point. 
In all of the F, matings in tables 2 and 4 above and presumably in FRASER 
and Gorpon’s tables 1 and 2, among others, all colored spotted animals 
fall into two phenotypes, namely, Gold and not Gold. Likewise the non- 
spotted F; offspring are of two types, Gold and not Gold. 

As far as most of my own data go, R, N, and P are satisfactorily treated 
as “‘unit characters” depending upon a difference in one pair of genes. The 
appearance of a non-spotted red male and an “exceptional” red, spotted 
female in FRASER and Gorpon’s laboratory makes it necessary to re- 
examine the question of the genetic constitution not only of Rubra but 
also of Nigra and Pulchra. Discussion of this matter follows in the fourth 
report of this series (BELLAMY 1933) on linkage and non-disjunction in 
Platypoecilus. 


SUMMARY 


1. The hereditary behavior of Gold, an autosomal character, in rela- 
tion to the multiple allelomorphic series, N, P, R, and the Wild-type, are 
described and compared with Fraser and Gorpon’s (1929) crosses be- 
tween Rubra and Gold. 

2. Gold behaves as a simple Mendelian recessive to the Wild-type. 
Dominance of the Wild-type is not complete. 
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In previous reports (BELLAMY 1928, 1933) the characters Rubra, Nigra, 
and Pulchra have been interpreted as gene mutations at a single locus on 
one of the heterosomes, although the possibility of close linkage was recog- 
nized (BELLAMY 1928, p. 229). Data presented by FRASER and GoRDON 
(1929) indicate that Rubra, supposing that the Rubras in their laboratory 
and mine are of the same sort, very probably is a composite of the char- 
acters “‘Red”’ and “Spots.” They observe the appearance of a red, non- 
spotted fish, which, because of its breeding behavior, was interpreted by 
them as due probably to crossing over between X and Y chromosomes. The 
separation of Red and Spots has not been observed in my laboratory but 
the appearance of certain other exceptional individuals favors the inter- 
pretation of crossing over between the Xand Y chromosomes in this species. 

Incidentally it is probable that it was the interpretation of the origin of 
this non-spotted red that led Gorpon (1931, p. 764) so completely to mis- 
interpret one of my statements (BELLAMY 1928) relative to the simul- 
taneous occurrence of the Rubra and Pulchra patterns in females. Ap- 
parently GoRDON assumes the Pulchra to be identical with Rubra minus 
the gene for red color. It is possible of course that Pulchra had its origin 
from the Rubra-type but I know of no direct evidence on that point. I do 
know, however, that the Rubra-Pulchra pattern has not been observed in 
my aquaria in females, and that a Rubra-Pulchra male (red and spotted) 
is fairly easily distinguished from Rubra (also red and spotted) in mature 
specimens. The occurrence of red, spotted (Rubra) females was described 
in my first report (BELLAMy 1924) and mentioned in so many places, in 
addition to detailed descriptions of their hereditary behavior, in the second 
report (BELLAMY 1928) that Gorpon’s statement that ‘‘BELLAMy (1928) 
has taken the curious position of doubting the existence of such a color 
combination (Rubra or red spotted platy) in the female,” is just a little 
ludicrous. 

The occurrence of non-spotted red as described by FRASER and GORDON 
raises the question of the genetic constitution of both Pulchra and Nigra 
in addition to Rubra. It is possible that they are composite patterns also 
but until they are resolved recognition is impossible. 
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If we suppose that Red and Spots had separate origins, Rubra arose, pre- 
sumably from crossing over between two heterosomes. In this case 
Pulchra can be regarded as a Rubra less the gene R, FRASER and GoRDON’sS 
symbol Sp can be used for it, and a chromosome map represented as in 
figure 1. Stipples or White, is regarded as the wild-type and its symbol, 
+, is not included. 








I II 
— Sp,N 
FicurE 1 


A cross of Pulchra male X Rubra female would then be written, following 
+Sp ne 
+Sp 








the Drosophila schema: , and the fish described as a Rubra- 





R 
Pulchra would be: 
+Sp 


FRASER and GorRDON’s recessive sp. 

A possible method for obtaining additional information, in the absence 
of additional crossing over, involves matings between Red, non-spotted and 
Pulchra (figure 2). 


- The + symbol is used here in the same sense as 


Rt . +5p 
FIGURE 2.—Red, non-spotted R+ Non-red, spotted (Pulchra) 
R+ R+ 
Red, spotted +Sp Red, non-spotted 





The red, spotted males, = should be substantially identical with 


typical Rubras and therefore distinguishable from the typical Rubra- 
Pulchra males obtained from crosses of Rubra males and Pulchra females. 
As previously noted Pulchra-Rubra males have a more extended pattern 
of macro-melanophores than typical Rubras. The spots tend to be larger 
and are more numerous. 

The next question involves the relation of Nigra to Red, R, and Spots, 
Sp. N might be regarded as a pattern factor complementary to Sp or 
simply as allelomorphic to R. 
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If N is allelomorphic to Sp, and is a complete unit in itself, sooner or 
later crossing over will effect a relatively stable combination of R and N. 
Such a fish, if encountered in nature, in the absence of special information 
would be regarded as a single unit as was the case with Rubra before 
FRASER and GorDON observed the appearance of the non-spotted red fish. 
If N is complementary to S, crossing over would result in N and R genes 
entering one gamete, + and SP, another, the latter fertilizing an egg con- 
taining the Y chromosome of the female, leaving the vacant (as regards NV 
and Sp) X chromosome to be fertilized by an X bearing sperm carrying 
the wild-type gene. 

If N is allelomorphic to R and crossing over occurs in the female between 
the X and Y chromosomes, a separation of V from Sp can result, and the 
event would be similar to the separation of R from Sp as assumed by 
FRASER and Gorpon (1929, p. 171). The other crossover described by 
FRASER and GorDOoN (1929, pp. 168 ef seq.) differs in that both R and Sp 
are supposed to have entered the Y chromosome together. 

Crossing over of the type indicated above can explain the appearance 
of the exceptional Wild-type female recorded in mating 89, table 3 
(BELLAmy 1928). Since the Nigra pattern results from a definite organiza- 
tion of macro-melanophores, presumably a fish having the gene for N but 
not for Sp would be a reversion to the wild-type. The appearance of this 
exceptional female is accounted for, however, equally well by assuming 
that both N and Sp entered the Y chromosome of the female, as indicated 
above. Likewise the three exceptional Wild-type females appearing in 
mating 44.2.1, table 3, (BELLAMY 1928) are accountable for in a similar 
manner. If this is crossing over, it has occurred four times among 962 off- 
spring in matings such that detection was possible. This amounts to ap- 
proximately 0.4 percent. Since, in this case, only half of the crossovers are 
detectable, the indicated value is approximately 0.8 percent, a value that 
need not be taken too seriously until more data are available. 

The exceptional Wild-type individual recorded in mating 317 (tables 4, 
6, BELLAMY 1933) requires a different explanation. This individual was 
born October 20, 1923, and on March 20, 1924, it was recorded as a white 
(Wild-type) heterozygous for Gold. On April 15, 1924, it was isolated as an 
immature male since it showed the typical thickening and pseudo-seg- 
mentation of the third anal ray. On May 21, 1924, it was noted on the 
records that the fish had made “‘no further progress toward maleness. Third 
anal ray shows only a thickened condition with segmentation extending 
into distal third.’”’ Since the male parent was a homozygous Rubra, crossing 
over in the female cannot account for the production of a Wild-type of 
either sex. Non-disjunction in the male, however, and fertilization of an 
egg by a sperm having no X chromosome would produce a zygote having 
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either an X or a Y chromosome, depending upon which type of egg was in- 
volved. The fact that the fish did not develop into a normal individual of 
either sex further indicates an abnormal distribution of sex factors. 


SUMMARY 


1. The bearing of FRASER and Gorpon’s (1929) findings is discussed in 
relation to the genetic constitution of Pulchra and Nigra. It appears prob- 
able that Pulchra is identical with FRASER and Gorpon’s “Spots.” 

2. A value somewhat under one percent is indicated for crossing over 
between X and Y chromosomes in the female. 

3. An exceptional Wild-type inter-sex (?) is interpreted as resulting 
from non-disjunction in the male. 
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INTRODUCTION 


The term “crossing over’ is used to denote the exchange of pieces or 
segments between homologous chromosomes. There are many facts which 
indicate that the exchange of parts or segments occurs during the first 
meiotic prophase when the two homologous chromosomes are in intimate 
association. Prior to 1916 crossing over was thought to take place between 
the two paired chromosomes before they had divided equationally. BRIDGEs, 
however, in that year, from his study of non-disjunction of the X chromo- 
some of Drosophila melanogaster came to the conclusion that each chromo- 
some was split equationally when crossing over occurred. Later L. V. 
MorcGan (1925), ANDERSON (1925) and BripcEs and ANDERSON (1925) in 
a beautiful series of experiments substantiated BRIDGES’ earlier conclusion ; 
and ANDERSON (1925) and BripGEs and ANDERSON (1925) further demon- 
strated that only two of the four strands crossed over at any one level. 
This was true for both diploids and triploids. REDFIELD (1930, 1932) work- 
ing with triploid Drosophila found that the II and III chromosomes like- 
wise crossed over when each chromosome was split equationally. ANDER- 
SON used the phrase “four strand crossing over’’ to denote the divided con- 
dition of the chromosomes at the time crossing over took place in diploids. 
This term should not be applied to triploids, since it infers diploidy, even 
though only two of the three chromosomes (four chromatids) are involved 
in any one point of crossing over. The terms “double strand” or “‘chroma- 
tid crossing over’’ could be used for both diploids and polyploids since they 
refer only to the presence of the equational split. 

In addition to the chromosomes of D. melanogaster, the X chromosomes 
of D. simulans (STURTEVANT, 1929) and D. virilis (DEMEREC, unpublished) 
have been genetically proved to cross over at a double strand stage. 
RHOADES (1932) presented data which proved that the pr-v. chromosome 
in Zea, the fifth largest in the monoploid complement, crossed over after, 
or at the time, the equational split occurred. WHITING and GiLmorE (1932) 
reached a similar conclusion for one chromosome of Habrobracon in their 
study of impaternate daughters from virgin females. As far as the writer is 
aware, these are the only cases where chromatid or double strand crossing 


1 Paper No. 194 from the Department of Plant Breeding, Cornell University, Ithaca, New 
York. 
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over has been genetically demonstrated. (LINDEGREN recently [1933] 
demonstrated chromatid crossing over in the fungus Neurospora.) There 
are certain data (BLAKESLEE and others 1923, Frost 1931) in plants which 
can be interpreted as the result of double strand crossing over, but since 
other explanations are possible they can not be said to prove that double 
strand crossing over occurred. 

In recent years many cytological papers by various investigators have 
dealt with the nature of the tetrad present in the first meiotic division of 
diploid organisms. They have attempted to discover the cytological mech- 
anism by which genetic crossing over is effected through their study of the 
nature and origin of chiasmata. There is much controversy regarding many 
salient points, but most of the investigators agree that only two of the 
four chromatids in each chiasma are involved in the actual exchange of 
partners. 

STERN (1931) and CreIGHTON and McC intock (1931) have proved 
that genetic crossing over is accompanied by an actual exchange of parts 
between the chromosomes. Later (1932) CREIGHTON and McCLintock 
presented cytological evidence that crossing over in Zea takes place be- 
tween chromatids. Zea thus becomes the first organism in which chromatid 
crossing over has been demonstrated both genetically and cytologically. 

The occurrence of chromatid crossing over in such diverse forms as Dro- 
sophila, Habrobracon, and maize suggests that it may be a wide spread 
or universal phenomenon. However, WETTSTEIN’S data on Funaria, where 
he found only two types of spores among the quartets from sporophytes 
which were heterozygous for linked factors, indicates that crossing over 
in Funaria takes place between undivided chromosomes and not between 
chromatids. 


DOUBLE STRAND CROSSING OVER IN ZEA 


In diploid organisms where the four chromatids which comprise the 
tetrad are normally distributed to the quartet of cells arising from each 
meiocyte and where it is impossible to recover the four resulting cells 
from any given meiocyte it is impossible to tell genetically whether cross- 
ing over occurs in a single or double strand condition. It was only through 
such aberrant behavior as non-disjunction which results in two of the four 
chromatids going to a single member of the quartet that the occurrence 
of double strand crossing over was genetically proven in diploid Droso- 
phila. In trisomic and polyploid individuals where the number of homol- 
ogous chromosomes present in metaphase I makes it possible for some 
members of the quartet to regularly receive more than one chromosome it 
is possible to test for the occurrence of double strand crossing over. 

For this study in Zea the pr-v. trisome, which involves the fifth largest 
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chromosome, was used since these trisomic plants differ markedly in ap- 
pearance from their disomic sibs and an accurate classification into the 
two classes is possible. 

The writer, in 1932, published a preliminary note on the genetical 
demonstration of double strand crossing over in Zea. This paper will pre- 
sent more extensive data upon this subject. 

The factor pair Pr:pr differentiates between purple and red aleurone 
color and the factor pair V2:v2 is responsible for green and virescent seed- 
ling color. These two pairs of genes give a recombination value of 41 per- 
cent as shown by the data in table 1. The crossover value or map distance 


TABLE 1 
Control data for percent of recombinations between pr and v2 in diploids. Pr V2 pr v2X pr v%. 








PURPLE PURPLE 
RED ALEURONE RED ALEURONE 
ALEURONE ALEURONE 
PEDIGREE GREEN GREEN 
GREEN VIRESCENT 
SEEDLING SEEDLING 
SEEDLING SEEDLING 
P ~ ee 
1831-1840 438 267 288 375 





40.6 percent of recombinations. 


is much greater than this since undetected double crossovers reduce the 
percent of recombinations. 


Trisomic plants of Pr V2 constitution were 
Pr Vo 
pr Vo 


pollinated by double recessive individuals. The ensuing seeds were classi- 
fied into purple and red aleurone classes and when planted the seedlings 
classified as green or virescent. Classification into trisomic and disomic 
types was made just before anthesis. 

If crossing over among the members of the trivalent occurred between 
undivided chromosomes and not between chromatids there should be no 
cases of trisomic plants homozygous for pr or v. If, however, crossing over 
took place between chromatids the occurrence of trisomic plants homozy- 
gous for the two loci is expected. Diagram 1 shows how a trisomic plant 
homozygous for v, may arise. Similarly if a crossover had taken place be- 
tween pr and the spindle insertion, a trisomic homozygous for pr would be 
possible. The data in table 2 show 61 trisomic individuals homozygous for 
the v2 gene. There were nine plants among the 553 individuals arising from 
red aleurone (pr) seed which were trisomic. Only two of the 15 pedigrees 
listed in table 2 failed to throw exceptional trisomic types. 

The constitution of the trisomic plants was AACCRr with respect to 
the aleurone factors affecting color. Since the male parents were AA 
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Diagram illustrating how a trisomic plant homozygous for v2 may arise through chromatid 
crossing over. The combination in the lower right hand corner will give rise to the exceptional 
trisomic type. 


CCRR it was expected that all the seeds would have colored aleurone 
and could be classified as purple or red. Surprisingly enough approximately 
50 percent of the seeds had colorless aleurone. Subsequent investigation 
showed that two of the r genes were dominant over a single R gene. This r 
allelomorph has been designated r™” (the superscript r to represent its ef- 
fect upon plant color and the superscript w to represent its effect upon 
aleurone color). This behavior is analogous with the floury-flinty endo- 
sperm situation. Although the Pr:pr constitution of these colorless seeds 
could not be told without testing, they were planted since data on the 
v2 locus could be had. 

Since approximately only one-half of the seeds could be classified for 
aleurone color the total number of trisomic plants homozygous for pr 
should be twice 9, or eighteen. This is a legitimate procedure since the R 
locus is in another chromosome. Five of the nine pr trisomes were also 
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TABLE 2 
V2 
V2 trisomes by double recessive male parents. 





PEDIGREE 


CULTURE 


ALEURONE 





1482 (1) 1055 


1482 (2)1055 


1482 (3)1055 


1482 (4)1055 


1482 (5) 1055 


1482 (6) 1055 


1482 (7) 1055 


1482 (8) 1055 


1482 (9) 1055 


1482 (10) x 1055 


1482 (11) 1055 


1582 (12) X 1055 


1482 (13) x 1055 


1482 (14) X 1055 


1482 (15) X 1055 


| 1620 


1663 


235 Pr 
279 wh. 
59 pr 
20 pr 
146 wh. 
115 Pr 
157 Pr 
43 pr 
132 wh. 
40 pr 
169 Pr 
175 wh. 
231 Pr 
237 wh. 
59 pr 
41 pr 
133 Pr 
201 wh. 
186 Pr 
51 pr 
171 wh. 
185 Pr 
65 pr 
268 wh. 
36 pr 
146 wh. 
124 Pr 
194 Pr 
56 pr 
253 wh. 
60 pr 
228 Pr 
281 wh. 
34 pr 
170 wh. 
121 Pr 
34 pr 
131 Pr 
179 wh. 
227 Pr 
266 wh. 
64 pr 
34 pr 
111 wh. 
126 Pr 
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homozygous for v2. These individuals might have arisen through non- 
disjunction at any one of the four divisions following the first meiotic 
division. But the normal frequency of non-disjunction during these divi- 
sions is so low that this interpretation can be disregarded. The 2 trisomes 


from purple aleurone seed all proved to be Pr v2 in constitution. The 
pr Ve 
pr Ve 

male pronucleus brought in a single pr v2 chromosome so the egg must 


have been Pr v2 in constitution.’ The origin of eggs of this type is 


pr Ve 
possible only through chromatid or double strand crossing over. The same 
argument holds for those pr trisomes of pr V2 constitution. Here the 
pr V9 
pr Ve 
egg must have been of pr V. constitution and this combination is pos- 


pr Ve 
sible only through chromatid crossing over. The genotypic constitutions of 
all the exceptional trisomic plants are presented in table 3. This table 
TABLE 3 
Genotypic constitutions of exceptional trisomes listed in table 2. 





2N+1 Br 2n+1 BY 





PLANT ——— ROOT TIP ALEURONE OR an+1 = 
Sa COUNTS SEEDLING RATIOS a 
1620 (2) Pr pr pr v2 % % . . = 
1620 (3) Pr pr pr % 2 %% 7 - ’ 
1620 (A) Pr pr pr ve Ve Ve . . x 
1620 (B) Pr pr pr v2 V2 % . : ° 
1621 (1) Vg Vo Ve . —_ . 
1621 (2) Vg Veg V2 . —_ . 
1621 (A) V2 Vg Ue 7 _ . 
1626 (A) Pr pr pr v2 U2 %2 . . % 
1626 (1) Pr pr pr 2 V2 1%. a . S 
1628 (1) Pr pr pr Vg Vg Ve . . 
1628 (2) Pr pr pr %% % % ” 4 . 
1628 (3) Pr pr pr % %% 1% . . = 
1629 (1) pr pr pr 2 V2 ° — ” 
1629 (2) pr pr pr v2 V2 % ‘i — ‘i 
1630 (2) Pr pr pr v2 v2 % . ss . 
1630 (3) Pr pr pr v2 % % . . = 
1631 (1) Pr pr pr % V2 V2 - . e 
1631 (2) Yq U2 V ws — = 
1631 (3) V2 U2 2 — _ . 





1 Extensive tests made by the writer show that pollen carrying an extra pr-v, chromosome 
rarely, if ever, functions in competition with haploid pollen since of a total of 1845 plants from 
the cross of a disome by a trisome there were no trisomic plants. 
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TABLE 3 (Continued) 








2N+1 Br 


2n+1 BY 





PLANT a ROOT TIP ALEURONE OR 2n+1 an 
ee COUNTS SEEDLING RATIOS re 
1632 (1) Pr pr pr Ve Ve Ve . sad bed 
1632 (2) Pr pr pr 2 v2 %. . . “ 
1632 (5) Pr pr pr Vg Ve Ve = S « 
16326) Pr fr orm me ; 
1632 (7) Pr? prm tm % _ sais . 
1633 (1) pr pr pr v2 %2 % i z in 
1633 (2) Pr pr pr v2 % % ss “ “ 
1634 (1) pr pr pr v2 2 V2 : a « 
1636 (1) Pr pr pr v2 v2 % . “« “ 
1638 (2) Pr pr pr v2 2 % ” “ “ 
1638 (A) Pr pr pr v2 0% % : . : 
1638 (B) Pr pr pr v2 2 % . “ “ 
1640 (A) Pr pr pr v V2 %% — “ “« 
1640 (B) Pr pr pr vz v2 % “ “ “ 
1640 (C) V2 V2 V2 —_ —_— . 
1641 (1) Pr? prim m% % — " ¥ 
1642 (2) br pr pr Vom % — ‘ 5 
1643 (3) Pr? pr v2 0% % . = a 
1643 (2) 2 U2 Ve ° — “ 
1643 (B) Pr? pr v2 % % — « “ 
1643 (C) Pr pr pr v2 02 2 : 5 " 
1643 (D) V2 2 22 — — . 
1643 (E) V2 V2 -- — « 
1644 (1) pr pr pr v2 2 v — — “« 
1645 (1) pr pr pr v2 2 1%. - _ “ 
1646 (1) Pr pr pr % 2 2 — « « 
1647 (1) Pr pr pr v2 % % . « « 
1647 (2) Pr pr pr V2 Vo Ve — vs = 
1647 (3) Pr? pr %% % % _— _— « 
1649 (1) Vq V2 VW om te “ 
1650 (1) pr pr pr mm v2 V2 « “ “ 
1650 (2) pr pr pr Vom % . ¥ i 
1650 (3) br pr pr V2 Va % ss 5 . 
1651 (1) Pr pr pr v2 v2 % . ‘ ¥ 
1651 (2) Pr pr pr v2 2 % * “ “ 
1651 (4) Pr pr pr v2 v2 1%. . . * 
1652 (1) Yo V2 Ve ices a « 
1656 (1) pr pr pr V2 V2 Ve ws . a 
1657 (2) Pr? pr Ve Vg Ve —_ = a 
1658 (A) Pr pr prt, % % — . » 
1658 (B) Pr pr pr v2 V2 1%. ce * « 
1659 (1) Pr pr pr v2 V2 % . « “ 
1660 (A) Pr pr pr v2 v2 % . « « 
1660 (B) Pr pr pr Vg Ve Ve i ca * 
1660 (C) Vo Ve Ve —_ a «“ 
1660 (D) Ve V2 Ve — = ° 
1660 (1)* br pr pr V2 02 2% . = ‘ 





* From table 4. 
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TABLE 4 


The genotypic constitution for the pr locus in non-virescent trisomes from colorless aleurone seeds. 








NUMBER OF PLANTS NUMBER OF PLANTS NUMBER OF PLANTS 
PEDIGREE or Pr Pr pr wits Pr pr pr WITH pr pr pr TOTAL 
CONSTITUTION CONSTITUTION CONSTITUTION 
1621 et cetera to 
1663 62 106 1 169 





shows that two of the v2 trisomes from colorless seed were also homozygous 
for pr. One hundred and sixty-nine non-virescent trisomes from colorless 
seed were either selfed or backcrossed by ACR pr plants. In either case a 
1:1 ratio for colored:colorless aleurone resulted. One of these 169 plants 
was homozygous for pr. Therefore it is apparent that the doubling of the 
number of pr trisomes was justified in order to find the approximate num- 
ber of pr trisomes in the total population. 

The genotypic constitutions of the exceptional trisomic types listed in 
table 3 were determined by crossing with the appropriate testers. For ex- 
ample, the constitutions of the v2 trisomes with respect to the pr locus 
were determined by selfing and out-crossing with A C R pr individuals. 
Plant 1626-1 was a trisomic v2 plant from purple seed. That it had the 


constitution Pr v2 is shown by the following tests: (1) It was a trisome 
pr Ve 
pr Ve 


by root tip counts and appearance. (2) When self-pollinated it gave 177 
Pr:95 pr seeds which is close to a 2:1 ratio. (3) When used as the male 
parent on ACR pr silks it gave 62 Pr:122 pr, a good 1:2 ratio. (4) It 
was homozygous for v2 as shown by its appearance and when it was crossed 
with v2 plants gave only v2 individuals in the F;. Another example is as 
follows: Plant 1630—2 was a trisomic v2 plant from purple seed. When selfed 
it gave 39 Pr:17 pr seeds and when used as the male parent in a back- 
cross gave 118 Pr:234 pr seeds. It was trisomic by appearance and root 
tip counts, and tests showed it to be v2. These results are typical of those 
obtained for the other exceptional trisomes and they seem to make possible 
the statement that chromatid crossing over in Zea is a proven fact. 

While the writer feels that a perfectly accurate classification into tri- 
somes and disomes can be made by appearance alone, an attempt was 
made to secure root tip counts for all of the exceptional trisomic plants. 
These counts have been included in table 3. 

Among the trisomic individuals listed in table 2 there were 4.1 percent 
of them homozygous for v2. If the locus of 22 is far enough removed from 
the insertion region so that its distribution is at random with respect to 
the insertion region the percentage of trisomic plants homozygous for v2 
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should be 6.7. It would seem therefore that the locus of v2 was some dis- 
tance (crossover distance—not physical distance) from the spindle fiber. 
If 18 be accepted as the approximate number of pr trisomes, this gives a 
percentage of 1.2. The locus of fr then should be much closer to the in- 
sertion region than is the locus of v2 since the frequency with which a gene 
becomes homozygous is a function of its crossover distance from the spindle 
fiber. 

Five of the nine pr trisomes were also homozygous for v2 while four were 
non-virescent. If pr and v2 were closely linked and on the same side of the 
spindle fiber they would be expected to appear together in the exceptional 
trisomic types. But since the two loci are far apart (41 percent recombina- 
tions) there should be no tendency for the pr trisomes to be 2, irrespective 
of whether or not they are in the same arm of the chromosome. One of the 


four green pr trisomes was of pr V2 constitution. The egg was there- 
pr Ve 
pr Ve 
fore pr V2 in constitution. This suggests that pr and 22 are on opposite 
pr Ve 


sides of the insertion region since a much simpler type of prophase con- 
figuration will give the above combination if pr and v2 are in different arms 
than if they are in the same arm. This is in agreement with the genetic 
map of this chromosome which places the gene bm, between pr and 22 
and McC intocxk (1932) believes bm, to be near the insertion. The cyto- 
genetic data of the writer on a reciprocal translocation involving this 
chromosome also places pr much nearer the insertion than is 22. 


THE ORIGIN OF A 32 CHROMOSOME PLANT 


in the winter of 1931-32 a planting of seed of exactly the same cross 
as reported in this paper was made for the purpose of demonstrating the 
occurrence of chromatid crossing over. Since it was not considered pos- 
sible to identify all of the trisomic plants in the seedling stage these data 
have not been included in table 2. They were, however, the basis for the 
statement by the writer in 1932 that crossing over occurred in Zea be- 
tween chromatids. One of the v2 plants from a purple seed in these cul- 
tures was classified as a trisome. Root tip counts in several clear figures 
showed that this plant had 32 chromosomes. If the pollen contributed 10 of 
these chromosomes there is left a total of 22 chromosomes as the contribu- 
tion from the egg. The plant was clearly v2 as progeny tests showed later, 


2 Data recently obtained from a study of this translocation give, in conjunction with Mc- 
CurnTock’s placing of the bm, locus, the following order: bm,— insertion region—pr—v2. 











544 MARCUS M. RHOADES 


so it is possible to say that an n+1 megaspore, with two chromosomes 
carrying the recessive v2 gene as a result of chromatid crossing over, in 
some way doubled its number of chromosomes to 22. Whether this oc- 
curred through non-disjunction of the entire chromosome set during the 
formation of the embryo sac. or through fusion of the egg nucleus with a 
synergid it is impossible to state. The fact remains, however, that a 
doubling of the chromosome number occurred during the gametophytic 
generation. 


TRISOMIC RATIOS 


If a trisomic plant of Pr Pr pr constitution is pollinated by recessive 
pollen a 5:1 ratio of Pr: pr is expected if 50 percent of the eggs are n+1. 
Since only 31 percent of the progeny from a plant trisomic for the pr—v2 
chromosome are trisomes the theoretical ratio of Pr: pr is 3.35:1. If, how- 
ever, we assume that crossing over occurs in a double strand stage and that 
the locus of the factor under observation is sufficiently far from the spindle 
fiber region so that it assorts at random with respect to the spindle fiber, 
the theoretical ratios are markedly changed. With 50 percent of trisomes 
and chromatid crossing over with randomness a 4:1 ratio of Pr: pr is ex- 
pected instead of a 5:1 ratio with “chromosome” crossing over. Since only 
31 percent of the plants are trisomes a ratio of approximately 3:1 (25.1 
percent recessives) for Pr: pr is expected with chromatid crossing over 
and random assortment. It follows that the genetic ratio for a given factor 
pair in triploid individuals depends in part upon the location of the gene 
with respect to the point of spindle fiber attachment. That is, the further 
removed (crossover value) the locus of the genetic factor is, the greater 
the effect, up to the ratio expected with random assortment, will be upon 
the ratio of dominants to recessives. In other words if the locus of a factor 
is close to the insertion region its genetic ratio will be little affected by the 
occurrence of chromatid crossing over while a progressively greater dis- 
turbance in the genetic ratio will occur the further removed the gene lies 
from the insertion region. Thus the theoretical gametic ratio in duplex 
trisomic individuals with 31 percent of the progeny trisomes will be 3:1 
with chromatid crossing over and random assortment while it will be 3.35: 1 
with ‘‘chromosome”’ crossing over. Therefore, the ratio of dominants to 
recessives in the progeny of triploid individuals should indicate whether 
the gene in question is close or far removed from the insertion region. 

Since we have calculated the theoretical ratios expected on the various 
assumptions let us see what the observed ratios were for the two factor 
pairs reported in this paper. The percentage of pr seeds among a total 
progeny of 14,160 was 22.7 and the percentage of v2 plants in a total of 
4856 individuals was 24.9. The expected percentage of recessives from a 
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duplex trisomic individual with 31 percent of its progeny trisomes and 
“chromosome” crossing over, or with chromatid crossing over and the 
location of the gene near the insertion, should be 23 (3.35:1 ratio). This 
suggests that pr should be close to the insertion region. With 31 percent 
of trisomes and chromatid crossing over with random assortment the ex- 
pected percentage of recessives should be 25.1. There were 24.9 percent of 
v2 plants which indicates that the locus of v2 is far enough removed from 
the insertion so that an approach to a random assortment is realized. The 
observed percentages of pr and v2 agree very well with the position of these 
loci with respect to the insertion region as determined from the frequency 
of homozygous trisomic types. 

The difference between 25.1 percent and 23.0 percent, the two ex- 
tremes, is small and a large amount of data would be necessary to per- 
mit any definite conclusions as to the locus of a gene. If 50 percent of the 
functioning eggs were n+1 the difference in the percentage of recessives 
would be greater since 16.7 percent would be expected with chromosome 
crossing over as contrasted to 20 percent with chromatid crossing over and 
random assortment. 


CROSSING OVER IN TRIPLOIDS 


A theoretical discussion of the effect of double strand crossing over on 
crossover values in triploids and trisomics will be taken up in this section. 

Represent the three homologous chromosomes present in a triploid or 
trisome as a, b, and c and let c carry the recessive genes. Crossing over can 
occur between a and b, a and c, and b and c with equal frequencies. Cross- 
ing over between a and b cannot be detected since both chromosomes carry 
the normal allelomorphs but crossing over between a and c, and b and c 
lead to detectable crossovers. Therefore, it can be argued that the amount 
of actual crossing over is 3/2 the observed amount (REDFIELD 1930). If 
there is a random distribution of the three chromosomes the proportion 
of crossover to non-crossover chromosomes should be the same in both 
the haploid and diploid eggs. REDFIELD (1930, 1932) apparently assumed 
this for she multiplied the observed crossover values determined from the 
diploid progeny for the factor 3/2. If we make a similar calculation for the 
pr-v2 region from the data in table 2 we find that the observed recombina- 
tion value among the disomic offspring is 26.2 percent. The corrected value 
would be 39.3 percent which agrees verv well with the recombination value 
of 40.6 percent found in the diploid controls. Since only the diploid off- 
spring were used in the calculation, a similar recombination value, if 
crossing over is the same in mega- and microsporocytes, should be found 
if the trisomic plants were used as the male parent in a backcross with 
double recessive individuals. Here all the offspring can be used since none 
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of the n+1 pollen succeeds in effecting fertilization. A corrected recom- 
bination value, using the factor 3/2, of 41.0 percent was found. 

In the discussion above it has been assumed that crossing over between 
a and c, and b and c lead to detectable crossovers. Let us examine the 
consequences of crossing over between b and c. For simplicity, we will 
assume that we are dealing with a rod-shaped chromosome and that the 
location of the two genes under observation is near the terminal insertion 
region. Represent the genes as x and y and the normal allelomorphs by the 
conventional+sign. The constitution of the triploid before crossing over 
takes place is: + +a 
+ +a 
+ + b 
+ + b’ 
x y Cc 
x y Cc’ 


Crossing over occurs between chromosomes b and c but involves chroma- 


tids b’ and c. The constitution following the crossing over is: + +a 
age <3 
x +b’ 
x yc’ 


If the distribution of the three chromosomes is at random in the meta- 
phase of the first meiotic division (arbitrarily assumed to be reductional 
for the spindle region) there are six combinations possible at the end of 
the first division. They are as follows: 





(1) (2) (3) (4) (5) _ (6) 
+ +a + +a + +h 
+ ae + +a' x +b’ 
+ Cc + +b > he 
z yc’ x +d’ + +a’ 
+ +b + y¢ +.  * € 
zx +hbd’ x y ¢’ x y c’ 


The next division is equational for the spindle region so 12 of the resulting 
24 combinations have 2 chromosomes represented and the other 12 have 
a single chromosome. But 4 of the 12 single chromosome types are cross- 
over chromosomes and 8 are non-crossovers and 8 of the 24 chromosomes 
in the “two chromosome” combinations are crossover strands. That is, 
instead of every crossover between b and c leading only to detectable cross- 
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over chromosomes we find that only one-third of the recovered chromo- 
somes are crossovers whereas in diploids one-half of the recovered strands, 
from every crossover point, are crossovers. Therefore, in place of using the 
factor 3/2 to obtain the actual amount of crossing over it is necessary to 
use the factor 2.25. 

If the factor 2.25 is the correct one to use and the factor 3/2 used by 
REDFIELD is wrong, then her comparisons between triploid and diploid 
crossing over must be revaluated since her triploid values were obtained 
by multiplying the observed crossover values by 3/2. 

In a comparison of crossing over in triploids and diploids it is necessary 
to state the basis upon which the comparison is to be made. In diploids 
the frequency of crossover points in a short region is always twice the map 
distance since only one-half of the strands exchange segments at the cross- 
over point. Therefore, instead of saying that genes A and B are 10 map 
units apart it would be equally proper to say that 20 cells out of every 100 
have a crossover point between the loci A and B. We can then express map 
distances in terms of the number of crossover points as well as the per- 
centage of crossover chromosomes among the progeny. In diploids a map 
distance of 10 means a crossover point frequency of 20 percent. If we wish 
to compare crossing over in a certain region in triploids with that in dip- 
loids we must keep in mind that what we really want to measure is the fre- 
quency with which crossover points occur in that region. We know that 
in triploids only two of the three chromosomes are synapsed at a given 
level, with the third chromosome acting as an univalent (cytological ob- 
servations on plant sporocytes), while the Drosophila genetic data show 
that crossing over occurs between only two of the three chromosomes at 
any level. Therefore, in a short region we can have only one crossover point 
in triploids and only one in diploids. If we wish to compare the total 
amount of crossing over for a given region in triploids with that in diploids 
we must bear in mind that what we have to measure is the frequency with 
which crossover points actually occur in that region rather than the fre- 
quency with which crossover strands are found in the progeny. Since the 
proportion of crossover chromosomes recovered from a crossover point in 
triploids is not the same as in diploids, as shown on page 546, this difference 
must be taken into account. The writer believes that the proper way to 
“compare the actual amount of crossing over in triploids with that in 
diploids” is to compare the actual frequency of crossover points in the 
two forms rather than the resulting frequencies of types observed in the 
progeny. In other words, if we are to reach a real understanding of cross- 
ing over, we should study the mechanism involved and not confine our 
attention to the results of its action. It is upon these grounds that it is 
suggested that REDFIELD failed to use the proper correction factor, since 
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she explicitly stated that she was making the corrections to obtain the 
actual amount of crossing over in iriploids. 

All of the foregoing calculations have been based on the assumption 
that there was a random distribution of the three chromosomes in the 
first meiotic division. What would be the consequences if there should be 
a correlation, either positive or negative, between crossing over and dis- 
junction? The data presented in this paper do not aid in solving this ques- 
tion but the Drosophila triploid data can be utilized. BRIDGES and ANDER- 
SON (1925) studied crossing over in the X chromosome of triploid Droso- 
phila. The three X chromosomes carried mutant genes so situated that 
the identity of a considerable portion of any of the recovered strands could 
be established. Approximately 41 percent of the progeny from a triploid 
mother are diploid females whose two X chromosomes come from their 
mother. These females are XXY in constitution and are called excep- 
tional daughters since both of their X chromosomes came from their 
mother. These exceptional daughters were mated and the constitution 
of their X chromosomes determined from their male offspring. The analy- 
sis of the genotypic constitution of the exceptional daughters permitted 
a calculation of the amount of crossing over which occurred in the triploid 
mothers. These crossover values were then compared with the values 
found for the same regions in the diploid controls. 


Comparison between triploid and diploid crossing over for the X chromosome 
(after Bripces and ANDERSON 1925) 
TRIPLOID DIPLOID 


REGION CROSSOVER CROSSOVER sano 2 
VALUE VALUE 

1 14.3 6.9 2.07:1 

2 11.3 22.8 0.50:1 

3 3.9 10.1 0.39:1 

+ 8.2 16.2 0.51:1 


For the rightmost regions (nearest the spindle fiber) the ratio of triploid 
to diploid crossing over was about 1:2, while for the leftmost region the 
ratio was approximately 2:1. These ratios point to a real difference in the 
amount of crossing over in triploid and diploid females. But it is important 
to remember that the triploid values were calculated from those eggs 
which had received two maternal X chromosomes. 

REDFIELD (1930, 1932) studied crossing over in the II and III chromo- 
somes in triploid females. The amount of crossing over in the triploids was 
based on the constitution of those eggs which received a single chromo- 
some from the mother. The calculated amounts of crossing over, using 
the correction factor 3/2, in the triploid for the various regions studied 
are compared below with the crossover values for the diploid control fe- 
males. 
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Comparison of triploid and diploid crossover values for the II chromosome (after REDFIELD 1932) 
TRIPLOID DIPLOID 


REGION CROSSOVER CROSSOVER QUOTIENT r 
VALUE VALUE 
al-dp 8.3 10.0 0.83 
dp-b 16.2 i 0.59 
b-pr 7.4 a 1.30 
pr-c 27.1 19.2 1.41 
c-px 13.0 22.1 0.59 
px-sp 4.4 Pe | 0.77 


Comparison of triploid and diploid crossover values for the III chromosome (after REDFIELD 1930) 
TRIPLOID DIPLOID 


REGION CROSSOVER CROSSOVER QUOTIENT ; 
VALUE VALUE 
ru-h 19.5 25.3 0.77 
h-th 14.9 15.3 0.97 
th-st 12 0.4 3.00 
st-cu 21.2 5.6 3.79 
cu-sr 14.6 14.0 1.04 
$r-es 6.1 8.9 0.69 
es-ca 18.0 34.3 0.52 


The location of the spindle fiber in the II chromosome is slightly to the 
right of pr while the spindle fiber is situated between st and cw in the III 
chromosome. Therefore, we see that in REDFIELD’s experiments where her 
calculations of triploid crossing over are based on the constitution of those 
eggs which received a single chromosome the calculated amount of cross- 
ing over near the insertion region in triploids is higher than for the cor- 
responding regions in diploids. The relative amount of crossing over in 
triploids in the distal regions of the II and III chromosomes is less than 
in the diploid controls. These results are the converse of those found by 
BripGEs and ANDERSON. Since REDFIELD’s calculations were based on 
those eggs which received a single strand while BRIDGES and ANDERSON’S 
were obtained from those eggs which received two strands it seemed 
plausible to the writer that there might be a direct relationship between 
crossing over in triploids and the distribution of the members of the 
trivalent group. Especially did this seem likely since ANDERSON’s (1929) 
data showed that non-disjunction of the two X chromosomes in diploid 
females was more likely to happen if there was little or no crossing over 
between the two chromosomes. To tell if there is a correlation between 
crossing over and disjunction in triploids it is best to study both those 
eggs which receive a single strand and those which receive two strands. 
Unfortunately the published data do not permit such a direct comparison 
but the data of BripGEs and ANDERSON on the types of association in the 
two chromosome combinations do permit some tentative conclusions to 
be drawn. 

We will for the present confine our interest to the rightmost regions 
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(nearest the spindle fiber) studied by BRipcEs and ANDERSON. Assume 
that a crossover occurs between chromosomes a and b near the insertion 
region. We know that only one of the chromatids from chromosome a and 
only one chromatid from chromosome b are involved in the crossover. The 
two chromatids from chromosome c are not involved in any crossover in 
this region (BRIDGES and ANDERSON). The identity of the six strands fol- 
lowing the crossing over is as follows:a a 

















b a 
a’ b 
» 6 
c 

/ , 
c’ c¢ 





If we assume that crossing over near the insertion region has no effect on 
the distribution of the chromosomes, then six types of combinations are 
possible at the end of the first meiotic division (we are arbitrarily assum- 
ing that reduction occurs at the first division since it is immaterial whether 
the first or second division is reductional for the insertion region). After 
the second (equational) division 24 combinations are expected with equal 
frequencies. The “two chromosome”’ combinations containing crossover 
strands can be classified into the following types of association : 











Types of association Frequency 

crossover b a 4 
dissimilar non-crossover ¢ € 
crossover a 

ser 2 
similar non-crossover » OD 

complementary crossover b a 1 
complementary crossover a bd 


The single chromosome combinations are composed of 4 crossover to 8 
non-crossover strands and the percentage of crossover strands is 33.3 
among the single strands. There are twelve “two chromosome” combina- 
tions which comprise a total of 24 strands. Eight of these are crossover 
chromosomes so the percentage of crossover strands is here also 33.3 
Therefore if the distribution of the three chromosomes (six chromatids) 
is not influenced by crossing over near the insertion region the same 
amount of crossing over should be found in both types of eggs. 

But assume that crossing over near the insertion region does have an 
effect on the distribution of the chromosomes and, since ANDERSON’Ss 1929 
data gives such an indication, further assume that if two chromosomes 
undergo crossing over near their insertion regions they always pass to 
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different poles. As before the identity of the six strands following the 
postulated crossover is: a a 

















b a’ 
a ob 
b’ b’ 
¢ ec 
ec. £€ 





But since the mode of disjunction has been determined by the previously 
occurring crossover we have only four instead of six combinations at the 
end of tne first division. And instead of 24 combinations only 16 are ex- 
pected at the end of the second division. The “two chromosome” com- 
binations containing crossover strands can be resolved into the three types 
of association : 











Frequency 
crossover b «@ 4 
dissimilar non-crossover Cc < 
crossover Db. 2 0 
similar non-crossover b b 
complementary crossover b a 
complementary crossover a_ b ‘ 


There are 16 strands in the “two chromosome” combinations and 4 of 
these are crossover chromosomes which is a percentage of 25.0. Among the 
single strand combinations the number of crossover strands is 4 out of a 
total of 8 or a percentage of 50.0. Obviously if there is a correlation be- 
tween crossing over near the insertion and distribution, it makes a great 
difference in the observed crossover values which class of eggs are studied. 
With complete correlation and using those eggs which received two chro- 
-mosomes the amount of crossing over would be only one-half that which 
would be found if the eggs with only one chromosome were used. BRIDGES 
and ANDERSON found the amount of crossing over in the rightmost region 
in the triploid mother was only one-half that in the diploid. Their calcula- 
tions were based on those eggs which received two chromosomes. RED- 
FIELD, working with eggs which received a single chromosome, found the 
amount of crossing over in the regions near the spindle fiber to be from 
one and one-half to more than three times as much as in the diploid con- 
trols. It would seem that such differences might have some relation to 
crossing over and the manner of disjunction. 

In table 12 of the paper by Bripces and ANDERSON (1925) are listed 
the various associations of crossover chromosomes from triploid fe- 
males. As stated before if there is no correlation between crossing over 
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and disjunction there should be for regions near the insertion region a ratio 
6 ee Be 2 : f : 
of * <a oe bb: a" combinations. With complete correlation the ratio 
a 


b a ba _ba 
should be =. —— ho 05: The data of BRIDGES and ANDERSON for 


their pinnae region, the right end of which is approximately ten units 


ba ba _ba 
from the fiber, show 23 « ~ene bb: 33 “4 combinations. This is far from 


the 4:2:1 ratio ies with random disjunction and strongly supports 
the idea that there is a positive correlation in triploids between crossing 
over near the fiber and disjunction to opposite poles. In fact the correla- 
tion may be complete for regions very near the fiber as the deviation from 
the 4:0:0 ratio for the rightmost region may well be due to the fact that 
it was some 10 units from the end. Their data also show that for the left- 


ba 
most region the approximation to a 4- —— ~ bb = ratio is very close, which 


b b 
suggests that the effect of crossing over on damnit is dissipated pro- 
gressively away from the fiber. This would be expected. 

If there exists a positive correlation between crossing over and dis- 
junction the association of strands in the diploid eggs would be such that 
the percentage of exceptional daughters homozygous for a recessive gene 
whose locus is near the fiber end would be low, approaching zero as a limit. 
But since the effect of crossing over on disjunction becomes less away from 
the spindle fiber attachment point the percentages of exceptions homozy- 
gous for genes in the distal end should increase progressively. Only 1.1 
percent of the exceptional daughters in BripcEs’ and ANDERSON’s data 
were homozygous for point V (f, B, +), approximately 10 units from the 
fiber, while 11.5 percent of them were homozygous for point I (y, sc, +), 
which is about 70 units from the fiber attachment point. RHoapEs (1931) 
in a study of homozygosis in diploid females with attached X’s, where 
crossing over cannot affect disjunction since that is predetermined, found 
19.0 percent of the exceptional daughters homozygous for yellow (y) and 
about 5 percent of homozygosis for forked (f). The ratio of homozygosis 
for y and f in the attached X data is 3.8:1 while it is 10.4:1 in the triploid 
data. It is possible that this difference is due, in part at least, to the cor- 
relation between crossing over and disjunction in triploids. The marked 
differences in coincidence values in triploids and diploids found by BRIDGES 
and ANDERSON should also affect the frequencies of homozygosis. 

Although the relation of crossing over to disjunction is admittedly more 
complex in V shaped chromosomes than in rod shaped it seems to the 
writer that the regional differences in crossing over between triploids and 
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diploids reported by REDFIELD and by BripGEs and ANDERSON cannot be 
accepted until the possible relationship between crossing over and dis- 
junction has been considered, and if the writer is correct in his argument, 
until the proper factor for undetected crossovers has been used. The cor- 
rection factor for the distal regions in REDFIELD’s data should then be 
2.25 instead of 1.5. We must assume, however, that there is for these 
regions no effect of crossing over on disjunction. For those regions near the 
insertion and where a strong correlation between crossing over and dis- 
junction presumably exists the correction factor is 1.5. The difference in 
the correction factors for the distal and proximal regions is due to the 
correlation between crossing over and disjunction which results in a higher 
percent of crossovers in the proximal regions going to the haploid eggs. 
The correction factors for intermediate regions lies somewhere between 
these two values. 

The above correction factors are to be used when only one of the three 
chromosomes is marked by mutant genes. If all three of the chromosomes 
are properly populated with mutant genes so that crossing over can be de- 
tected between all of the three homologues, different correction factors 
must be used. The correction factor for regions near the insertion becomes 
1.0 while for distal regions, where no correlation exists between crossing 
over and disjunction, the correction factor should be 1.5. These correction 
factors are to be used when those eggs which receive a single chromosome 
are studied. If, as BripGEs and ANDERSON did, those eggs which receive 
two chromosomes are studied, and all three of the chromosomes are 
marked by mutant genes, the correction factor for regions near the inser- 
tion should be 2.0 and for the distal regions it should be 1.5. If these cor- 
rection factors are applied to BRIDGES’ and ANDERSON’s data the amount 
of crossing over near the insertion is approximately the same in triploids 
as in diploids, while the amount of crossing over in the leftmost region of 
the X chromosome becomes even greater in triploids than in diploids. 

The corrected percent of recombination of 39.3 for the pr—v2 region was 
determined from the diploid offspring listed in table 2 of this paper but 
the correction factor used in obtaining this value was 1.5. As pointed out 
in a preceding section it is in close agreement with the percent of recom- 
bination found in the disomic controls and would seem to permit the con- 
clusion that the amount of recombination in this region was approxi- 
mately the same in trisomes and disomes. But if the factor 1.5 is not the 
one to use, as the writer argues, the corrected value of 39.3 is incorrect and 
a recalculation must be made using the proper correction factor. Since v2 
is some distance from the insertion region the correction factor should 
probably be much nearer 2.25 than 1.5. 














554 MARCUS M. RHOADES 


ADDENDUM 


Recently MATHER (1933) attempted to calculate the frequency of chias- 
mata in triploid Drosophila. He used crossover values from REDFIELD’S 
data which were based upon the constitution of the diploid offspring. His 
calculations led him to conclude that there was an excess of crossover 
chromosomes among the diploid progeny. To account for this calculated 
excess of crossovers he postulates that in triploids the three homologous 
chromosomes are associated as a trivalent group in two-thirds of the cases 
and in the remaining one-third as a bivalent and an univalent. Since cross- 
ing over can only occur between the members of the bivalent, and the 
univalent will pass at random to either pole, this would lead to an excess 
of crossovers among the diploid progeny. 

The writer agrees with MATHER that there is an excess of crossovers 
among the diploid progeny. He does not, however, entirely agree with 
MATHER’S explanation of their occurrence although it is both possible 
and probable that some of the excess crossovers are caused by the forma- 
tion of some bivalents and univalents instead of trivalent groups. But 
before accepting MATHER’s explanation the following facts should be 
mentioned: 

(1) The excess of crossovers among the diploid offspring could be at 
least partially accounted for by the correlation between crossing over 
near the insertion and disjunction. 

(2) The data of Bripces and ANDERSON (1925) and REDFIELD (1932) 
show that the two types of double crossovers (recurrent and progressive) 
occur with approximately equal frequency. This suggests that the fre- 
quency with which the three homologous chromosomes have failed to 
synapse so as to form a trivalent group at metaphase I is low (assuming 
the occurrence of a univalent is due to its failure to pair with the other 
two homologues in the meiotic prophases). 

(3) MATHER’s assumption of univalents being formed in 33} percent 
of the cases is not universally valid since the frequency of trivalents at 
metaphase I in maize plants trisomic for the pr—ve chromosome is ap- 
proximately 90 percent. 


SUMMARY 


1. The occurrence of chromatid or double strand crossing over in Zea 
was genetically demonstrated by the determination of the genotypic con- 
stitution of certain trisomic types. 

2. The frequencies of homozygosis for pr and v2 indicate that v2 is much 
further removed from the insertion region than is pr. 

3. The effect of chromatid crossing over upon genetic ratios in triploids 
and trisomes is discussed. 
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4. Genetic proof was obtained for the occurrence of the doubling of the 
entire chromosome set in the gametophytic generation. 

5. The genetic data obtained by BripcEs and ANDERSON, and REp- 
FIELD for triploid Drosophila is discussed with reference to a possible cor- 
relation between crossing over in triploids and disjunction. Certain data of 
BRIDGES and ANDERSON are presented in support of a positive correlation 
between crossing over and disjunction. 

6. REDFIELD’s treatment of her triploid data is discussed and the sug- 
gestion is made that she failed to use the proper correction factor for un- 
detected crossing over. It is further suggested that the triploid data of 
BRIDGES and ANDERSON should also be corrected. 
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Bar, 2, 23, 38, 190, 250 

Bar-eye, facets of, 134 

Beadex, 2, 24 

Beadex-2, 258 

Bent, 112, - "it 119 

Black body 

Bobbed, 33, 173, 174, 178, 179, 181-183, 
_ 188-191, 252, 254, 255, 258, 261, 
2 
Deficiency, 173, 176, 177, 178-180, 182, 

183, 185-189, 191 
Duplication, ol’ 177, 180, 181, 182- 
186, 188-1 

Bristles, 174, 183- 185 

Broad, 33, 181, 250, 253, 258, 287 

Bubble-wing, 287 

Carnation, 176, 253 

Chlorotic, 21 

Confluent wing veins, 286 

Crossveinless, 34-37, 41 

Curly-wing, 286 

Delta venation, 286 

Dichaete, 118 

Diminished, 46 

Dominant eyeless, 114 

Echinus, 21 

Echinus-like eye, 287 

Eosin, 284, 286, 287 

Extreme-bobbed, 174, 176, 177, 182, 183, 


189 
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114, 115, 


Facet, 21, 2 36, ry HH 
Forked, 21, 36, 41, 43, 250, 255, 258, 552 
Forked. 3, 34-3 37, ‘41 
Furrowed, 21 

Fused, 21 

Gap, 111-113, 115, 116 
Garnet-2, 284, 286, 287 
Glossy, 111-116 

Gray, 39-41, 43, 49, 50 
Jagged-wing, 254 

Kurz, 181 

Lethal-VI a, 111, 116 
Lobe-2, 118 

Miniature, 2, 21, 24, 34-37, 41 
Miniature wing, 286 

Minute, 112, 285, 288, 289 
Minute IV, 114 

Mottled, 517, 519, 520 
Mottled-eye, 44 

Net, 112 

Non-bar, 185 

Non-bobbed, 181, 182, 253-255 
Non-spotted, 44 

Non-yellow, 185 

Notch, 286, 519 
Notched-wing, 44 

Pale, 112 

Parallel-sided wing, 173 7 
Pink-eye, 134 

Plain, 111, 116 

Plexate wing, 286 

Pointed, 284 

Prune, 181, 253, 258 
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Gene (Continued) 
Prune-like eye color, 287 
Purple, 46 
Red-eye, 523 
Rotated abdomen, 114, 115 
Rough eye, 173 
Ruby, 21 
Rudimentary-like wing, 287 
Scute, 2, 33, 181, 250, 253, 255, 256 
Scute-8, 33-41, 45, 49, 50 
Shaven, 114 
Short vein, 287, 289 
Short wing, 173 
Silver, 181 
Singed, 21, 45, 286 
Small bristles, 285 
Small-wing, 2 
Small-wing-2, 173, 175, 176 
Spotted, 4446 
Spread wing, 286 
Star, 118 
Star eye, 286 
Stubby, 111-116 
Stubby-2, 111, 116 
Tan, 2 
Truncate wing, 173 
Vermilion, 2 
White, 2, 34-37, 41, 44, 175, 253 
White-eye, 45, 177 
Wild, 114 
Wild-ted, 134 
Wild-type, 1, 27, 32, 33, 37, 523 
Yellow, 21, 24, 33-41, 43-45, 48-50, 181, 
182, 185, 250-256, 258, 261, 275, 287, 
552 
Gene rearrangement 
Deletion, 520 
Inversion, 520 
Translocation, 520 
Genes 
Distribution of, in chromosome, 18-20 
Vital, 5, 6, 30 
Germ plasm, 188 
— 32, 35, 36, 38, 41-43, 47, 
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Late hatching, 174 
Lethals, 3-5, 8, 10, 17, 23-25, 27-29 
Linkage tests, 44 
melanogaster, 32, 114-117, 120, 173, 250, 273, 
278, 288, 290 
—— of ends of closed chromosome, 
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Crossing over in, 119, 120 
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Cubitus interruptus, 117 
Genetic analysis, 118 
Double crossover frequency, 254 
Duplications for bobbed, 180 
Extra legs, 134 
Fertility, 177, 254 
Fertilization, 264, 267 
Frequencies of all classes, 271 
i ae of meiosis without exchange, 


Genovariation, 117, 118, 120 

Hereditary tumor, 133 

Inversion, 177, 178 

Inverted X, 269 

Inviable crossovers, 261 

Inviable eggs, 269 

Linkage, 119 

Mosaics due to fractional mutations, 286 

Non-disjunction, 535 

Normal Florida line, 117-119 

Numbers of crossovers, 399, 411 

“Oregon” stock, 173 

Patroclinous males, 263 

Progenies of X-rayed males, 287, 290 

Pupal stage, 255 

Sister strand crossing over, 274 

Sterility, 250 

Sterility in male, 289 

Translocations, 177, 178, 180,.189, 190 

Wild-type, 173, 174, 176-186, 188-191, 
250 


X chromosome, inert region of, 186-188, 
191 
X-ray treatment, 289, 290 
Mosaic, 34, 38, 39, 41-44, 45-48, 50 
Eversporting, 44, 45 
Lethal, 48 
Mosaic formation, 32, 46 
Mosaic types 
Eversporting, 44 
Females, 43 
Gynandromorphs, 41 
Males, 45 
Mosaics 
Experiments on treated females, 34 
Experiments on treated males, 38 
Mutant, 32, 34 
Mutation 
Dominant, 32 
Dominant ‘lethal, 3, 10, 14, 26-29 
Dominant visible, 25, 27 
Gene, 1, 4, 19, 21-24 
Lethal, 10, 14-21, 23, 25, 26, 35-37, 39, 41 
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Recessive, 10, 32, 45 

Viabie, 20, 29 

Visible, 19, 21-23, 27, 28, 30 
Position effect, 190 
pseudo-obscura, 284-288 
Abnormalities, 285, 286, 289 
Absence of testes, 285 
Castrated males, 285 
Deficiencies, 287, 288 
Fertility, 286 
Inert region, 287, 288 
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pseudo-obscura (Continued) 
Mosaics, 286 
Sterility, 286, 287 
Venation plexus on one wing, 286 
Wild-type, 284, 286 
X chromosome length, 284 
X-ray treatment, 284, 286-290 
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26 


Sex-mosaic, 32, 35-41, 47, 48, 51 

simulans, crossing over in, 535 

Sperm, 1, 4, 8, 11-13, 25, 27 

Sperm head, 6-8 

Spermatogenesis of, 187 

Sterility, 3, 40, 45 

Theta, 33, 43, 44, 47, 48 

Translocations, 286, 287, 289 
Reciprocal, 53 

Viability of genes, 33, 34, 288 

Viability region, 519 

virilis, 111, 113, 114-116 
Crossing over, 111-116, 535 
Dot-like chromosome, 111, 115, 116 
Experiments in crossing over, 112 
Lethal, balanced, 114 
Mutants, 111, 114, 115 
Rod-shaped chromosome, 111 
Sterility, 114 
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Family history, 131, 132 
Fertility, 3, 56, 57, 66, 108, 110, 149, 177, 327 
Fertility of constant hybrids, 311 
Fertilization, 46, 49, 95, 96, 104, 105, 107, 109 
FETSCHER, R., 130 
FIscHER, 129-131 
FIsHER, R. A., 433 
Fixative 
Allen’s modification of Bouin’s fluid, 97, 296 
Allen-Bouin killing fluid, 199 
Bouin solution, 7, 296 
Brazilin, 493 
Carnoy’s solution, 493 
Chromic-acetic-formalin, 390 
Darlington’s modification of Flemming’s 
fixatives, 123 
Flemming’s mixture, 408 
Iron-aceto-carmine, 493 
La Cours’, 123 
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Fixative (Continued) 
Navaschin’s fluid, 123, 179, 392, 408, 493 
Strong Flemming, 296 
Zenker’s fluid, 296 
Flies, 267, 269-271, 276 
Flowering plants, 388 
Adjacent chiasmas, 397 
Attached and Ring X chromosomes 
Attached X’s and crossing over, 400 
Ring X’s and crossing over, 403 
Break and join of chromonemas, 394 
Chromioles formed by secondary split, 393 
Crossing over in, 388, 391, 394, 407, 410 
Direct chiasmas, 396 
Double chiasmas, 411 
Gene rearrangement in, 388, 410 
Deficiency in, 389, 405, 407, 410, 411 
Deletion, 388, 394, 405, 407, 410, 411 
Insertion, 389, 405, 407, 411 
Inversion, 388, 394, 405, 407, 410, 411 
Reciprocal translocation, 388, 404, 410 
X-ray, caused by, 388 
Reversed crossing over, 388, 404, 410, 411 
Translocation, 388, 394, 404, 407, 411 
Hypotheses, 389 
Hypotheses of crossing over 
Gene rearrangement, 388 
Interchange, 394, 407, 410 
Karyologic evidence, 390 
Oblique chiasmas, 397 
Opening-out at diplotene, 393 
Origin of chiasmas, 394, 406, 410, 411 
Division of chromomeres, 394 
Overlaps of homologues, 395, 411 
Proportion of chiasmas to crossovers, 398- 
403 


Smear preparations, 390, 391 
X-ray as cause of point mutation, 409 
FouceErR, 248 
Food hypersensitiveness, 131 
Fowl, 68, 76, 77, 80, 83, 86, 88, 90, 92, 211, 212, 
222 
Ancona, 85 
Autosomal factors, 68, 71 
Autosomal linkage, 77, 80, 82, 83, 89 
Backcross in female 
Coupling phase, 85 
Repulsion phase, 83 
Backcross in male 
Coupling phase, 85 
Black Langshan, 212 
Black Minorca, 212 
Black Orpington, 212 
Brown Leghorn, 88, 212, 213 
Buff Orpington, 212 
Characters, association of, 76 
Chromosomal complex, 68 
Cochin, 72 
Color (melanin), 83-86 
Columbian, 212 
Columbian Plymouth Rock, 210, 213, 214, 
219 
Crossing over, influence of sex on, 92, 93 
Dark Brahma, 212 
Eye color, range and distribution of, 211 


Gene 
Bar, 210, 213, 218, 219 
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Fowl (Continued) 
Gene (Continued) 
Black, 71, 91, 212, 214 
Black eye, 211 
Black plumage, 211, 212 
Blue, 78 
Bluish- “oe a 213, 214 
Brown eye, 212, 213, 215 
Brown-in-down, 218, 219 
Cerebral hernia, 78, 82, 83, 88, 92, 93 
Comb, 212 
Creeper, 68, 77, 78, 82, 89, 91 
Crest, 69, 75, 77-80, 82, 83, 87-90, 93 
Dark blue shank, 210, 211-213, 215, 219 
Dark eye color, 210, 213, 215, 218 
Dark iris color, 210, 211-213, 219 
Dominant white, 69, 76, 78-80, 82, 83, 85, 
90, 93 


Down color, 210, 212-214 
Dark, 214, 216 
Pale, 214, 216 

Down striping, 214, 216 

Ear-Lobe, 210, 212, 216 

Egg color, 210 

Fast feathering, 210, 211, 213, 215-217, 
219 


Flecked, 212, 214 

Frizzled, 82-87, 89, 93 

Gold, 210, 211-216, 219 

Head-spot, 218, 219 

Hen feathering in the male, 210 

Leg-feathering, 69, 72, 73, 77, 79, 80, 83, 
91,92 

Light eye color, 210, 215, 218 

Light iris color, 210, 211, 212, 214, 216, 
219 


Light shank color, 210, 211, 214-216, 219 

Marked, 212 

Muff and beard, 91 

Multiple point comb, 92 

Naked-neck, 69, 70, 78-80, 82, 83, 91 
Viability in, 70 

No crest, 83, 88, 92 

No inhibitor (of melanin), 83 
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